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ENGINEERED TETRAVALENT ANTIBODIES 
AND METHODS OF USE 

Cross Reference to Related Applications : 
5 This application claims priority of to U,S. Provisional Application No. 60/341,858 filed 

December 21, 200], which is a continuation-in-part of U.S. Provisional AppHcation No. 
60/264318 filed Januarys 29, 200 L and claims priority to LIS. Provisional Application 
NO.60/33L481 filed November 16, 2001 each of wliich is incorporated in its entirety herein by 
reference, 

10 

Field of the hwention : 

It a broad ^pect the present invention generally relates to a novel process for the 

H 

in preparation of biologically ^tive antibody dimers and pharaiaceulically acceptable compositions 
15 containing such dimers. These dimers may comprise two antibody molecules (II1L4) having the 
same antigen binding spccificitv^ (homodimers) or, alternatively, may comprise two different 
antibody molecules having binding specificity for two distinct antigens (heterodimers). The subject 

s : 

M: antibody dimers demonstrate improved binding characteristics over their monomeric counteiparts 

hi 

[I; and arc useful for inducing hjper-cross-linking of membrane antigens. The present invention 
5 2 further relates to the use of biologically active antibody dimers for the preferential killing or 
20 inhibition of selected cell populations in the treatment of diseases such as cancer and immune 
disorders. 

Background of the Invention: 

Monoclonal antibodies were once thought to be an ideal way to target malignant tissues, by 

25 delivering a killing agent, while leaving healthy tissue intact. However, their clinical potential is 
often limited due to the need to covalcntly couple the killing agent to the monoclonal antibody. 
ITius, in an effort to aileviatc such limitations, bispecific antibodies were developed, which remain 
bivalent, but are specific for a target cell on one ami of the antibody and a killing agent on the other 
arm. The killing agent can be a toxin, a drug, a chelated radioisotope, or. more preferably, a 

30 cytotoxic effector cell 
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Monoclonal antibodies can also show therapeutic activity against specific cells, e.g., 
malignant tissues based on the interaction of the Fc portion of the antibody heavy chain with other 
components of the immime system, such as the complement cascade or by binding to Vcv receptors 
or various cytotoxic effector cell types, 

5 Another means of eflecting cell death comprises inducing the cross-linking of membrane 

antigens. Previous studies have indicated that antibody cross-linking of membrane B-cell markers 

(e.g., surface IgM. Valentine ct al, Eur. 1 ImmimoL 22:3141 (1992); and MHC class II, Newell et 

ai., PNAS 90:10459 (1993)) can inliibit malignant B cell proliferation and in many cases induce 

apoptosis (e.g., programmed cell death) in vitro, 

10 Shan ct aL (Blood 9/:}644~1653) demonstrated that hyper-cross-hnking of the CD20 

antigen, by using the murine llo antibody cross-linked with a goat anti-mouse IgG, inhibited 

£3 growth of several humaii B-lymphoma ceil Imes in vitro. Similar results have now been pubhshed 
in 

for both CD19 and CD22 w^hen cross-linldng of membmne bound MAb was amplified with a anti- 
^ mouse IgG (Chaouchi et al., J. Immtmol 154:3096 ( 1 995)). 

rr- 

iJ5 It may be possible that hyper cross-linking of these surface membrane markers could 

p, augment the existing anti-tumor activities of MAb's like C2B8, a chimeric monoclonal antibody 
J:; specific for CD20, and increase itierapemic effectiveness. Therefore, molecules that can induce cell 
O death in a phamaccutically acceptable format w^uid potentially provide an attractive therapeutic 
f]] agent for immunotherapy of neoplastic disease. 

20 Apparently with that goal in mind, Wolff et al. {Cancer Res. 55:2560-2565 (1993)) and 

Ghetie (PNAS 9^:7509-7514 (1997)) have reported the chemical synthesis of several IgG/IgG 
homodimers to carcinoma associated surface antigen (BR96 and The Ghetie dimers also 

included antibodies to several human B-ccll markers (C;D20, CD 19, CD2], CD22). In this 
approach, one portion of die molecule was functionalized using a linker designed to introduce a 

25 reactive thiol on the antibody, while the other Ab portion used a linker to inti^oduce a maleimido 
group. When purified from unrcacted linkers and mixed together, the two antibodies complex by 
formation of a thioethcr (non-reducible) bridge that links the two IgG molecules, and forming a 300 
kDa. tetravalent antibody (H4L4) molecule. 

However, unfortunately, the yields of the 300 kDa IgG-homodimer were very low (20-25%) 

30 and were similar or lower than the CD 19 homodimer, which ranged from 20-30% (Ghetie et al.. 
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PNAS 94:15Q9^15U (1997)). Reducing SDS-PAGE gels of purified homodimer showed only a 
small percentage was linked via a thioether bond, indicating most of the dimei^ formed iising this 
methodology may have been naiumlly occurring or mediated through disulfide bridging. 
Neveilheless, all of tlie purified diniers were growth inliibitory, although only the anti-carcinoma 
5 (Her-2) dimer and not homodimers directed against B cell markers CD19, CD20, CD2L CD22 
were reported to be apoptotic. Additionally, the £mti"CD19 homodimer was tested in animal 
models and shown to have anti-tumor activity, I lowcver, there is a need in the art for a more 
efficient method for producing homodimers, in particular for homodimeris or heterodimers that are 
capable of initiating apoptosis, e.g.. in proliferating malignant B-cells populations. 
10 Among the problems associated with bispecific or dimeric antibodies is the response 

JI* generated by the human ininume system itself which may respond to the antibody as a foreign 
C«i agent. For instance, patients treated with drugs or radionuclides complexed with murine 
10 monoclonal antibodies (which have been the most commonly used targeting antibodies for 

if "I 

Tn human) develop circulating human anti-mouse antibodies (llAMAs) and a generalized 
immediate type-Ill hypersensitivity reaction to the antibody moiety of the conjugate. This 
C3 problem is compounded when such antibodies are chemically linked. Furthermore, even when 

f : i adverse side elTecis are minimal (for example, as in a single administration), circulating HAMAs 
i;; decrease the effective concentration of the tai*geting agent in the patient and therefore limiting the 
[U bispecific antibody fi*om reaching the target site. 

20 As such, it is an object of the present invention to provide low toxicity compounds that may 

be used to target neoplastic cells. 

It is another object of the invention to provide compounds that may effectively used to treat 
immune disorders. 

It is still another object of the present invention to provide dimeric antibodies having high 
25 binding affinities and low immunogenicity. 

Summary of tlie Invention: 

These and other objectives are provided ibr by the present invention which, in a broad 
sense, is directed to methods, kits, compounds and composiiions that may be used in the treatment 
30 of neoplastic, immune or other disorders. To tliat end, the present invention provides for dimeric 
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antibodies comprising four heavy and four light chains (H4L^) thai may be used to treat patients 
suffering fi'om a variety of disorders. In this respect, the dinieric antibodies or immunoglobulins of 
the present invention have been surprisingly found to exhibit biochemical characteristics that make 
them particularly useful for the treatment of patients. More specifically, it was unexpectedly found 

that selectively modified antibodies will associate noivcovalenily to form stable Ig/Ig dimers or 
tetravalcnt molecules having beneficial properties with regard to preferential killing or inhibition of 
selected cell populations, l^hcsc dimcric constructs may be homodimcrs when two identical 
monomeric subunits are associated with each other or hcierodimers when two different subunits are 
non-covalently associated. In any event, the dimcric constmcts of the present invention may be 
.JO used in an unconjugated form to cffcctiveiy target and kill selected cell populations through 
\^ mechanisms wiiere increased binding or hyper cross-linking of membrane antigens are important 
in for inducing biological activity. Conversely, due to their effective localization, the disclosed 
tetravalent constructs may be associated whh cytotoxic agents such as radioisotopes to provide 
^1; effective irmminoconjugates having reduced toxicity, 

s 1 5 Accordingly, one important aspect of the present invention comprises the use of the dimeric 

constmcts of the present invention to treat a mammal for a disorder comprising administering a 
therapeutically effective amount of a dimeric antibody to said mammal. In this respect those skilled 
in the jirt will appreciate that the dimeric or tetravalcnt antibody maybe administered in its original 
state, unlinked to any other compound or it may be associated with a cytotoxic agent. In the case of 
20 the former, the dimeric antibodies may be used to induce apoptosis in the target cell population or 
effectively block cell surface receptors necessary for the growth of neoplastic cells. When linked to 
cylotoxic agents such as radioisotopes or drugs, the dimeric antibodies of the instant invention are 
particularly useful for the treatment or diagnosis of neoplastic disorders. That is, dimeric 
radioimmunoconj ugates associated with a radioisotope such as '^"Y or I may be administered to 
25 patients suffering from ciny one of a number of cancers. The surprising properties of the disclosed 
compounds (i.e. increased binding affinities and low immunogenicit}') substantially reduces 
associated toxidty to healthy organs while delivering therapeutically effective doses directly to the 
tumor. Additionally, the tetravalent MAb forms disclosed herein tend to exhibit rapid blood 
clearance when compared to prior art chemically linked dimeric antibodies. This surprising 
30 property of the disclosed tetravalcnt antibodies will substantially reduce myelotoxicity when they 
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are used in radioimmunotherapy while maiolaiiiing eifeciive tumor localization. The reduction in 

myelotoxicity malces the present invention particularly useful in the treatment of patients that are 

myelosupprcssed or otherwise myclocompromised. 

As will be discussed in some detail below, the present invention further comprises kits 

5 comprising containers having the disclosed dinieric antibodies dispersed therein, compoimds and 

compositions comprising the dimcric antibodies and methods of forming the dimeric antibodies. 

With respect to this latter aspect of tlie invention, it has been surprisingly found that the disclosed 

stable dimeric constructs form rapidly and spontaneously upon production of the monomeric 

subunits by the engineered host cells. That is. when the host cells produce monomeric subunits 

, 10 such as the modified antibodies set forth herein they rapidly form dimeric constructs through non- 

D covaient associations. As discussed in more detail below-, these non-covalent associations have 

Ifi been found to be suiprisingiy strong and provide for novel telravalent heterodimers and 

homodimers that are particularly useful for the treatment of various disorders as described in the 

Cn instant disclosure. Ihis is in contrast to prior art dimeric constructs that employed covaient bonds 

gl5 typically requiring complicated production metliodolog>' and often leading to unwanted byproducts 

'r^ or immunogenicity. 

Other objects, features and advantages of the present invention will be apparent io those 

ri skilled in the art from a consideration of the following detailed description of prefbired exemplaiy 
fi i 

' embodiments thereof 

20 

Brief Description of the Figures : 

Figs. lA and IB show, respectively, an amino acid sequence of an intact C2B8 heavy chain 
and an amino acid sequence of a derived domain deleted ('2B8 construct wherein the C\i2 domain 
hos been deleted; 

25 Figs. 2A and 2B show, respectively, a nucleotide sequence of an intact C2B8 heavy chain 

and a nucleotide sequence of a derived domain deleted C2B8 construct wherein the Cu2 domain 
has been deleted; 

Figs. 3 A and 3B show, respectively, a nucleotide sequence of a C2B8 light chain and the 
corresponding amino acid sequence of the same light chain; 
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Figs, 4A md 4B show, respectively, the aBiino acid sequence oi^a hiiCC49 domain deleted 
heavy chain wherein the Oj2 domain has been deleted and a corresponding nucleotide sequence for 
the same heaw chain; 

Figs. 5 A and 5B show, respectively, an amino acid sequence of ahuCC49 light chain and 

a corresponding nucleotide sequence of the same light chain; 

Figs. 6A and 6B show, respectively, an amino acid sequence of an intact CSEHO heavy 
chain and an amino acid sequence of a derived domain deleted C5ItlO construct wherein the QQ, 
domain has been deleted; 

Figs. 7A and 7B show, rebpeciiveiy, a nucleotide sequence of an intact C5E10 heavy chain 
and a nucleotide sequence of a derived domain deleted C5I:I0 constaict wherein the Ctj2 domain 
has been deleted: 

Figs. 8A and 8B show, respectively, a nucleotide sequence of a C5EiO light chain and the 
corresponding amino acid sequence of the same light chain; 

Fig. 9 is a graphical representation of a HPLC-SEC chroma tograph of CC49.ACh2 
showing the separate elution of the dimcric and monomeric variants of the antibody construct; 

Fig. 10 is a representation of a SDS-PAGH of various preparations of the CC49.ACu2 
construct showing purified forms of the monomeric variant and tlie dimeric variant as well as 
mixtures thereof: 

Figs. IIA and 1 IB are graphical representations illustrating the antigen binding activity 
of the dimeric constructs of the present invention both belbre and after conjugation to DTPA as 
determined by ELISA assays on TAG-72 coated plates: 

Figs. 12 A, 12B and 12C arc^ respectively, graphical representations of tissue and tumor 
localization rates of radiolabeled CC49.ACH2(gly/ser). the monomeric form of CC49.ACh2 and 
the dimeric form of CC49,ACh2 in ES174'r murine xenograft models; 

Ing, 13 graphically illustrates the antitumor activity of the dimeric variant of C2B8*ACii2 
and Rituxan® in Daudi tumor xenografts. 

Detailed Description of the hivention: 
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While the present invention may be embodied in many differeni Ibrms. disclosed herein are 
specific illustrative embodiments thereof that exemplify the principles of the invention. It should 
be emphasized that the present invention is not limited to tlie specific embodiments illustrated. 

The present invention is predicated, at least in pan. on the fact that antibodies which are 
imfiiunoreaclive with antigens associated with physiological disorders or abnormalities may be 
modified or altered to provide dimeric constructs having enhanced biochemical characteristics 
and improved efficacy when used in therapeutic protocols, hi this regard it has suiprisingly been 
found that standard antibodies, modified according to the present invention, form monomeric 
subunits which spontaneously assemble or associate non-covalently to form stable dimeric 
constmcts. If the associated monomeric subunits are the same the resulting dimeric construct 
will have four identical binding sites and is termed a homodimer for the pur|ioses of this 
application. Conversely, if the associated monomeric subunits ai*e different (e.g, derived from 
separate antibodies) than the resulting dimeric construct will have two binding sites for one 
antigen and two binding sites for a second antigen and, for the purposes of this application will 
be termed a heterodimcr. In any event, the dimeric or tetravlent construct or antibody (four 
heavy chains and four light chains, H4L4) may be used as described in the instant application to 
treat a variety of disorders. 

More specifically it has surprisingly been found that monomeric subunits (e.g. modified 
antibodies) will spontaneously assemble to form stable tctravalcnt antibodies held together through 
non-covalent intemctions. While not wishing to be bound by any particular theory, it appears that 
modification of the constant region of standard antibodies cm provide modified antibodies that 
associate though non-covalent interactions in the constant region to provide durable dimeric or 
tetravaleot constructs. I' or example, in specific embodiments of the present invention, deletion of 
all or part of the Ch2 region between the hinge and the Cip domain resulted in a bivalent molecule 
having a disulfide linked hinge region and a mismatched Ch3 domain. It is believed that these 
mismatched Cfp domains on different neighboring molecules align and interact non-covalently to 
provide the stable tetravalent antibodies of the present invention. The resulting dimeric construct 
was recovered and purified to provide a novel 240 kDa, (H4L4) tetravalent molecule. 
Advantageously such constructs do not have problems with excessive immunogenicity often 
associated with chemically formed tetravalent antibodies. Moreover, unlike dimeric molecules 



formed by random cliemical linkages that may hinder one or more binding sites, the dimeric 
constructs of the present invention maintain high binding affinities due to their association being 
limited to the constant region. These constructs also display a relatively short circulatory half-life 
that may reduce myelotoxicity when they are used in a radioimmunotherapeutic (RIT) setting. As 
5 such, ilie tetravalent antibodies of the instant invention are particulaiiy useful in ilierapeutic and 
diagnostic applications. 

As discussed in more detail below the term '^modified antibody'* shall be held to mean 
any antibody, or binding fragment or recombinant thereof, immunoreactive with a tumor 
associated antigen in which at least a fraction of one or more of the constant region domains has 
10 been deleted or otherwise altered so as to provide desired biochemical characteristics such as 
B . non-covalent association with similar molecules, increased tumor localization or reduced serum 
J«j half-life wiien compared with a whole, unaltered antibody of approximately the same binding 
in specificity. In preferred embodiments, the modified antibodies of the present invention have at 
£j least a portion of one of the constant domains deleted. Such constructs shall be termed "domain 
'^15 deleted antibodies" for the purposes of the instant disclosure. More preferably, one entire 
n domain of the constant region of the modified antibody will be deleted and even more preferably 
the entire Ch2 domain will be deleted. As discussed herein, each of the desired variants may 
' I readily be fabricated or constmcted from a whole precursor or parent antibody using well known 
C5 techniques. 

'50 Besides the other advantages, the fact that the dimeric constructs of the present invention 

are associated almost exclusively through their constant regions allows them to retain their natural 

binding specificity. However, they exhibit an enhanced binding affinity when compared with 
conventional antibodies because of the number of binding sites wdth the proximitj^ of the cell 
surface or other matrix exliibiting multiple antigen copies. Tliis advantiige of the present invention 
25 is shown in Table 1 immediately below which summarizes the binding data (ED50) of various 
constructs all having the same variable region. 

Table 1: 

30 Humanized CC49 IgG Kd- 2.5 nM 
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ddCC49 Gly/Ser spacer Kd- 1 .8 riM 

ddCC49 No spacer Kd= 0.8 nM 

ddCC49 No Spacer ( 1 20 kDa Variant) Kd- 23 nM 

ddCC49 No Spacer (240 kDa Variant) Kd- 0. 1 nM 

5 

As may be seen in 1 able 1 , the dimeric asscoiblies of the domain deleted modified antibody 
(ddCC49) have a binding affinit>^ on an order of magnitude greater than that of the naturally 
occurring IgG or constructs that do not dimerize. These properties and ease of production provide 
distinct advant^es that allow the constructs of the present invention to be used in a number of 
10 situations. For example: 

Diincrerized constructs of MAb that arc tetravalcnt and have high affinity binding are useful 
for non-radioactive applications where increased binding or hyper cross-linking of membrane 
f 0 antigens are important for inducing biological activity: 

The genetically engineered dimers of the present invention offer an advantage over 
MS chemical dimers in that they arc produced using molecular mechanisms and therefore cheaper to 
C3 obtain vviih higher yields. They also maintain high binding affinity, wliich may be reduced aHer 
\\ I chemical conjugation strategies: 

fhe disclosed genetically engineered dimers. due to tiieir increased binding affinity over 
Li monomcric constructs, v/ould be useful in therapeutic applications which do not require cell 
20 depletion or killing but require blocking of the target antigen such as to prevent a ligand/receptor 
interaction. Exemplary uses would be blocking of CU4 cells using an anti-CD4 antibody or B7 
interactions cither by blocking B7 or its 1 -cell receptor, CI I A-4 or CD80. Other examples could 
include blocking the CD23 antigen using a dimeric version of IDHC 152 (an anti-CD23 antibody) 
or blocking the CD40-CD40L interaction using a dimeric version of IDEC 131 (an anti-CD40L 
25 antibody): and 

fhe dimeric constructs would also have therapeutic application in viral or bacterial 
neutralization, given their high binding affinity over monomcric antibodies and their rapid 

accumulation and digestion in the liver. Many example can be considered including anti-RSV 
antibodies. anti-HP V antibodies and anli-HlV antibodies. 
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In addition to the uses eiiimierated above, those skilled in the art will appreciate tliat the 

compounds, compositions and methods of the present invention are particularly usefiii for 

treating a variet}^ of disorders including neoplastic disorders or immune (including autoimmune) 

disorders, Jri this regard the present invention may be used to treat any neoplastic disorder, tumor 

5 or malignancy that exhibits a tumor associated antigen. Similarly, the methods and compositions 

may be used to treat any autoimmune disorder or anomaly caused in whole or in pait by a cell 

population exhibiting an autoantigcn. 

As discussed above, the dimeric antibodies of the present invention may be 

immunoreactive with one or more tumor antigens or antigens associated widi immune disorders. 

10 For neoplastic disorders, the antigen binding portion (i,c. the variable region or immunoreactive 

fragment or recombinant thereof) of the disclosed dimeric antibodies binds to a selected tumor 

rj associated antigen at the site of the malignancy. Similarly, in immune (including autoimmune) 
In 

ff: disorders the disclosed ien*avalent antibodies will bind to selected markers on the offending cells. 

Given the number of reported antigens associated with neoplasms and immune disorders, and the 
d5 number of related antibodies, those skilled in the art will appreciate that the presently disclosed 
f«i dimeric antibodies may therefore be derived from any one of a number of whole antibodies. 

More generally, dimeric antibodies useful in the present invention may be obtained or derived 
O from any antibody (including those previously reported in the literature) that reacts with an 
rii antigen or marker associated with the selected condition. Further, the parent or precursor 
20 antibody, or fragment thereof used to generate the disclosed dimeric antibodies may be murine, 
human, chimeric, humanized, non-human primate or primaiized. In other prefenred embodiments 
the dimeric antibodies of the present invention may comprise single chain antibody constructs 
(such as that disclosed in U,S. Pat. No. 5,892,019 which is incorporated herein by reference) 
having altered constant domains as described herein. Consequently, any of these types of 
25 antibodies modified in accordance with die teachings herein is compatible with the instant 
invention. 

As used herein, ''tiunor associated antigens'* means any antigen which is generally 
associated with tumor cells, i.e., occurring at the same or to a greater extent as compared with 

normal cells. More generally, tumor associated antigens comprise any antigen that provides for 
30 the localization of immunoreactive antibodies at a neoplastic cell irrespective of its expression on 
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non-malignmit cells. Such antigens may be relatively tumor specific and limited in their 
expression to the surface of malignant cells. Alternatively, such antigens may be found on both 
malignant and non-malignant cells. 1-or example. CD20 is a pan B antigen that is found on the 
surface of both malignant and non-malignant B cells that has proved to be an extremely effective 
5 target for immunotherapeutic antibodies for the treatment of noi>Hodgkin's lymphoma. In this 
respect pan 1^ celi antigens such as Cl)2, (1)3, CDS, CI)6 and CD7 also comprise tumor 
associated antigens within the meaning of the present invention. Still other exemplary tumor 
associated antigens comprise but not limited to MAGE-l, MAGE-3, MUC-1, HPV 16, HPV E6 
& E7, TAG^72, CEA, L6~Antigen. CD 19. CD22, CD37, CD52, HLA^DR, EOF Receptor and 
10 HER2 Receptor. In many cases immunoreative antibodies for each of these antigens have been 
^ „ reported in the literature. Those skilled in the art will appreciate that each of these antibodies 
G may serve as a precursor for modified antibodies in accordance with the present invention. 

In The dimeric antibodies of the present invention preierably associate with, and bind to. 

m 

;.i tumor or immune associated antigens as described above. Accordingly, as will be discussed in 

£15 some detail below the dimeric antibodies of the present invention may be derived, generated or 

s fabricated from any one of a number of antibodies that react with tumor associated antigens. In 

|T preferred embodiments the mooomeric subunits of the tetravalent antibodies are modiiled or 
domain deleted antibodies that are derived using common genetic engineering techniques 

O whereby at least a portion of one or more constant region domains are deleted or altered so as to 

f\ \ 

'20 provide the desired biochemical characteristics such as reduced serum half-life. More 
particularly, as will be exemplified below, one skilled in the art may readily isolate the genetic 

sequence corresponding to the variable and/or constant regions of the subject antibody and delete 
or alter the appropriate nucleotides to provide modified antibodies for use as mooomeric subunits 
in accordance with the instant invention, it will Jurther be appreciated that compatible modified 
25 antibodies may be expressed and produced on a clinical or commercial scale using w^ell- 
established protocols. 

In selected embodiments, modified antibodies useful in the present invention will be 

derived from known antibodies to antigens associated vvilh neoplasms or immune disorders (e.g. 
autoantigens). This may readily be accomplished by obtaining either the nucleotide or amino 
30 acid sequence of the parent antibody and engineering the modifications as discussed herein. For 
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other embodiments it may be desirable to only use the ^intigen binding region (e.g*. variable 
region or complcmcntaiy detennining regions) of the known antibody and combine them with a 
modified constant region to produce the desired modified antibodies that may then be used to 
assemble the disclosed tetravalent constructs. Compatible single chain monomeric subunits may 

5 be generated in a similar manner. In any event, it will be appreciailed that the tetravaient 
antibodies of the present invention may also be engineered to improve affinity or reduce 
immunogenicity as is common in the art. I^or example, the dimeric antibodies of the present 
invention may be derived or fabricated from antibodies that have been humanized or chimerized. 
Thus, dimeric antibodies consistent with present invention may be derived or assembled from 
10 and/or comprise naturally occuiring murine, primate (including human) or other mammalian 
1=5: monoclonal antibodies, chimeric antibodies, humanized antibodies, primatized antibodies, 
bispecific antibodies or single chain antibody constructs as well as immunoreactive fragments of 
gi each type. 

13 As alluded to above, previously reported antibodies that react with tumor associated 

35 antigens may be altered as described herein to provide the dimeric antibodies of the present 
:^ invention. Exemplary antibodies that mav be used to provide antigen binding regions for. 
M' generate or derive the disclosed dimeric antibodies include, but are not limited to Y2B8 and 
Q C2B8 (Zcvaiin''' & Rituxan'\ IDHC Pharmaceuticals Coip., San Diego), I.ym 1 and Lym 2 
tf: (Techniclone), LL2 (Immimomedics C'orp., Kcw Jersey), I-II-!;R2 (1 Icrccptin^, Gencntech Inc., 
20 South San Francisco). Bl (Bexxar^. Coulter Pharm.. San Francisco), Campath'^ (Millennium 
Pharmaceuticals, Cambridge) MBl, BH3, B4. 872. 3 (Cytogen Corp.), CC49 (National Cancer 
Institute) and 5E10 (University of Iowa). In preferred embodiments, the dimeric antibodies of 
the present invention will bind to tlie same tumor associated antigens as the antibodies 
enumerated immediately above, fn particularly preferred embodiments, the dimeric antibodies 
25 will be derived from or bind the same antigens as Y2B8, C'2B8, CCA9 and C51:10 and, even 
more preferably, will comprise domain deleted antibodies (i.e., ACh2 antibodies). 

In a first preferred embodiment, the tetravalent antibody will bind to the same tumor 
associated antigen as Rituxan^^'\ Ritiixan (also known as, I1)EC-C2B8 and C2B8) was the first 
FDA-apptovcd monoclonal antibody for treatment of human B-ccll lymphoma (see U.S. Patent 
30 Nos. 5,843,439; 5,776.456 and 5.736,137 each of which is incorporated herein by reference). Y2B8 
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is liie murine parent of C2B8. Riiuxajn is a chimeric. a!iti-CD20 monoclonal antibody which is 
groMh inhibitory and reporiediy sensitizes certain lymphoma ceil lines for apoptosis by 
chemotherapeutic agents in vitro. The antibody efficiently binds human complement, has strong 
FcR binding, and can effectively kill liuraan lymphocytes in vitro via both complement dependent 
5 (CDC) and antibody-'dependeni (ADCC) mechanisms (Reff ei al. Blood 83: 435-445 (1994)). 
Those skilled in the mX will appreciate that dimcric variants (homodimers or heterodimers) of C2B8 
or Y2B8, modified according to the instant disclosure, may be used in conjugated or unconjugated 
forms to effectively treat patients presenting with CD20-^ malignancies. More generally, it must be 
reiterated that the modified antibodies disclosed herein may be used in either a "naked" or 
10 unconjugated state or conjugated to a cytotoxic agent to effectively treat any one of a number of 
M: disorders. 

J"! In other preferred embodiments of the present invention, Oie tctravaient antibody will be 

^\ derived from, or bind to, the same tumor associated antigen as CC49, As previously alluded to, 

CC 

r;:i CC49 binds human tumor associated antigen 'rAG-72 which is associated with the surtacc of 

%5 certain tumor cells of human origin, specifically the LS174T tumor cell line, LS174T [American 

I Type Culture Collection (herein ATCC) No. CL 1881 is a variant of the LSI 80 (ATCC No. CL 

M= 1 87) colon adenocarcinoma Une* 

]X It will further be appreciated that numerous murine monoclonal antibodies have been 

'hzt' 

Cs?. 
developed which have binding specificit}- for 'iACT~72. One of these monoclonal antibodies, 

' 20 designated B723, is a murine IgGl produced by hybridoma B72.3 (ATCC No. HB-8 1 08), B723 is 

a first generation monoclonal antibody developed using a human breast carcinoma extract as the 

immunogcn (sec Colcher et al, Proc. NatL Acad. Sci, (USA). 78:3199^3203 (1981); and i;.S. Pat 
Nos. 4,522,918 and 4,612,282 each of which is incorporated herein by reference). Other 
monoclonal antibodies directed against TAG-72 are designated ''CC (for colon cancer). As 

25 described by Schlom et al. (IJ.S.P.N, 5.512,443 which is incorporated herein by reference) CC 
monoclonal antibodies are a family of second generation murine monoclonal antibodies tliat w-ere 
prepared using rAG~72 purified with \M23. ikcause of their i-elatively good binding affinities to 
TAG-72, the following CC antibodies have been deposited at the Al^CC, with restricted access 
having been requested: (^C49 (Al^C No. HB 9459); CC 83 (ATCC No. HB 9453): CC46 (ATCC 

30 No. HB 9458); CC92 (ATfCC No. IIB 9454): CC30 (AlCC No. IIB 9457); CCl 1 {KYCC iNo. 
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9455); md CC15 (AlCC No. HB 9460). U.S.P.N. 5.512,443 further teaches that the disclosed 
antibodies may be altered into their chimeric form by substituting, e.g., human constant regions (Fc) 
domains for mouse constant regions by recombinant DNA techniques known in the an. Besides 
disclosing murine and chimeric anti-T AG-72 antibodies. Schlom et al have also produced variants 
of a humamzcd CC49 antibody as disclosed in PCT/[;S99/25552 and single chain constructs as 
disclosed in Pat. Mo. 5,892,019 each of which is also incorporated herein by reference. Those 
skilled in the art wiil appreciate that each of the foregoing aiitibodics. constructs or recombinants, 
and variations thereof, may be modified and used to provide tetravalent antibodies in accordance 
with the present invention. 

Besides the anti-'rAG-72 antibodies discussed above, various groups have also reported the 
coostruction and paitial characterization of domain-deleted (:C49 and B72.3 antibodies (e.g., Calvo 
etal Cancer Bwiherapy, 8(1):95409 (1993). Slavin^Chiorini et al. InL 1 Cancer 53:97-103 (1993) 
and Slavin-Chiorini et al Cancer Res. 55:5957-5967 (1995)). It should be appreciated that the 
disclosed constructs may be modified and used to provide tetravalent antibodies that are corapatibic 
with the methods and compositions of the present invention. 

Still other preferred embodiments of the present invention comprise modified antibodies 
that are derived from or bind to the Scime tumor associated antigen as C5E10. As set forth in co- 
pending appUcation IJ.S.S,N. 09/104J17, C5H10 is an antibody that recognizes a glycoprotein 
determinant of approximately 1 1 5 kl)a that appears to be specific to prostate tumor cell lines (e.g. 
DU145, PC3, or KDl). Thus, in conjunction with the present invention, modified antibodies (e.g. 
Ch2 domain-deleted antibodies) thai specifically bind to the same tumor associated antigen 
recognized by C5E10 antibodies could be produced assemble to form, tetravalent antibodies and 
used in a conjugated or unconjugated form for the treatment of neoplastic disorders. In particulaiiy 
preferred embodiments, the modiiied antibody will be derived or comprise all or pai1 of the antigen 
binding region of the C5E10 antibody as secreted from the hybridoma cell line having ATCC 
accession No. PlA-865. Ihc resulting modified antibody could then be conjugated to a 
radionuclide as described below and administered to a patient suffering from prostate cancer in 
accordance with the methods herein. 

In addition to the antibodies discussed above, it may be desirable to provide tetravalent 
assemblies comprising modified antibodies derived from or comprising antigen binding regions of 
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novel cinri bodies generated using immunization coupled with common immunological techniques. 
Using art recognized protocols, antibodies are preferably raised In mammals by multiple 
subcutaneous or intraperitoneal injcclions of the relevant antigen (e,g., purified tumor associated 
antigens or cells or cellulai* extracts comprising such antigens) and an adjuvant. This immimizalion 
5 t>picaliy elicits m immune response dial comprises production of antigen-reactive mitibodies from 
activated splenocytes or lymphocytes. While the resulting antibodies may be han/ested from the 
serum of the animal to provide polyclonal preparations, it is often desirable to isolate individual 
lymphocytes Irom the spleen, lymph nodes or peripheral blood, to provide homogenous 
preparations of monoclonal antibodies (MAbs). Preferably, die lymphocytes are obtained from the 
10 spleen. 

In this well known process (Kohler ct al, Natvre, 256:495 (1 975)) the relatively short-lived, 

ass. 

It or mortal, lymphocytes from a mammal wWch has been injected with antigen are fused with an 

irl immortal tumor cell line (e,g, a myeloma cell line), thus producing hybrid cells or *'hybridomas" 

C3 which are both immortal and capable of producing the genetically coded antibody of the B cell. 

;45 The resulting hybrids arc segregated into single genetic strains by selection, dilution, and regrowtli 
with each individual strain comprising specific genes for the formation of a single antibody. They 

M= therefore produce antibodies which are homogeneous against a desired antigen and. in reference to 

\ t their pure genetic parentage, are termed ''monoclonal." 

I lybridoma cells thus prepared are seeded and grown in a suitable culture medium that 

20 preferably contains one or more substances that inhibit tlie growth or survival of the unfused, 
parental myeloma cells. Those skilled in the ail will appreciate thai reagents, cell lines and media 
for the formation, selection and growth of hybridomas arc commercially available from a nimiber of 
sources and standardized protocols are well eslablislicd. (jcnerally. culture medium in \\4iich the 
hybridoma cells are growing is assayed for production of monoclonal antibodies against the desired 

25 antigen. Preferably, the binding specificity of the monoclonal antibodies produced by hybridoma 
cells is determined by immunoprecipitation or by an in vitro assay, such as a radioimmunoassay 
(RIA) or enzyme-linked immunoabsorbent assay (1:TIS A). After hybridoma cells are identified that 
produce antibodies of the desired specificity, affinity and/or activity, the clones may be subcloned 
by limiting dilution procedures and grown by standard metliods (Goding. Monoclonal Antibodies: 

30 Principles and Practice, pp 59403 (Academic Press, 1 986)), It will fuilher be appreciated that the 
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monocloml aniibodies secreted by the subclones may be sepai*ated Itom culture medium^ ascites 
fluid or scam by conventional purification procedures such as, for example, protein-A, 
hydroxylapatitc chromatography, gel electrophoresis, dialysis or affinity^ chromatography. 

In other compatible embodiments- DNA encoding the desired monoclonal atitibodies tiaay 
5 be readil}' isolated and sequenced using conventional procedures (e.g.. by using oligonucleotide 
probes that arc capable of binding specifically to genes encoding the heavy and light chains of 
murine antibodies). The isolated and subcloncd hybridoma cells serv^c as a preferred source of such 
DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfected 
into prokaryotic or eukaryotic host cells such as E. coii cells, simian COS cells. Chinese Hamster 
. 10 Ovarv (CilO) cells or myeloma cells diat do not otherwise produce immunoglobulins. More 
C3 particularly, the isolated DNA (which may be modified as described herein) may be used to clone 
Ul constant and variable region sequences for the manufacture antibodies as described in Newman et 
1% al, U.S. Pat. Xo.. 5,658.570, filed January 25, 1995, which is incorporated by reference herein. 

Essentially, this entails extraction of RNA from the selected cells, conversion to cDNA, and 
«15 amplification thereof by PC^.R using Ig specific primers. Suitable primers for this purpose are also 
rT described in U.S. Pat. No. 5.658.570. As will be discussed in more detail below, transformed cells 
^ ^ expressing the desired mitibody may be gro\Mi up in relatively large quantities to provide clinical 
fj and commercial supplies of the immunoglobulin. 

Those skilled in the art will also appreciate that DXA encoding antibodies or antibody 
20 fmgments may also be derived from antibody phage libraries as set forth, for example, in EP 368 
684 Bl and U.S.P.X. 5*969,108 each of which is incorporated herein by reference. Several 
publications (e.g., Marks ct al. Bio/Technology 10:779-783 (1992)) have described the production 
of high affinit}' human antibodies by chain shuffling, as well as combinatorial infection and in vivo 
recombination as a strategy for constructing large phage libraries. Such procedures provide viable 
25 alternatives to traditional hybridoma techniques for the isolation and subsequent cloning of 
monoclonal antibodies and, as such, are clearly within the purview of the instant invention. 

Yet other embodiments of the present invention comprise the generation of substantially 
human cmtibodies in transgenic animals (e.g., mice) that are incapable of endogenous 
immunoglobulin producdon (see e.g.. IJ.S, Pat Kos. 6.075 J81. 5,939.598. 5,591,669 and 
30 5,589369 each of which is incorporated herein by reference). For example, it has been described 
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that the homozygous deletion of the antibody heavy-chain joining region in chimeric and germ- 
line mutant mice results in complete inhibition of endogenous antibody production. Transfer of a 
human immunoglobulin gene array in such germ line mutant mice will result in the production of 
human antibodies upon antigen challenge. Another preferred means of generating human 
5 £mtibodies using SCID mice is disclosed in commonly-owiied, co-pending U.S. Pat. No. 
5 J I I, 524 which is incorporated herein by reference. It will be appreciated that the genetic 
material associated with these human antibodies may also be isolated and manipulated as 
described herein. 

Yet another highly efficient means for generating recombinant antibodies is disclosed by 
10 Newman, Biotechnology, 10: 1455-1460 (1992). Specifically, this technique results in the 
j generation of primatizcd antibodies that contain monkey variable domains and human constant 
\l[ sequences. This reference is incorporated by reference in its entirety herein. Moreover, this 
in technique is also described in commonly assigned U.S. Pat Nos. 55658,570. 5,693,780 and 

5,756,096 each of which is incorporated herein by reference. 
-l15 As is apparent from tlie instant specification, genetic sequences usefiil for producing the 

« dimeric antibodies of the present invention may be obtained from a number of different sources. 
H For example, as discussed extensively above, a variety of human antibody genes are available in tlie 
J form of publicly accessible deposits. Many sequences of antibodies and antibody-encoding genes 
Q have been published and suitable antibody genes can be synthesized from these sequences much as 
' ^0 previously described. Alternatively, antibody-producing cell lines may be selected and cultured 
using techniques well known to the skilled artisan. Such techniques are described in a variety of 
laboratory manuals and primary publications. In this respect, techniques suitable for use in the 
invention as described below arc described in Current Protocols in lmmunolog\K Coligan ct al., 
Eds., Green Publishing Associates and Wiley-hiterscience, John Wiley and Sons, New York (1991) 
25 which is herein incorporated by reference in its entirety, including supplements* 

It will further be appreciated that the scope of this invention further encompasses all alleles, 
variants and mutations of the DNA sequences described herein. 

As is well known, RKA may be isolated from the original hybridoma cells or from other 
transformed cells by stcind^ird techniques, such as guanidinium isothiocyanate extraction and 
30 precipitation followed by centrifugation or chromatography. Where desirable, mRKA may be 
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isolated Irom total RXA by standard techniques such as chromatography on oligodT cellulose. 
Techniques suitable to these purposes are familiar in the art and arc described in the foregoing 
references. 

cDNAs thai encode the light and the heavy chains of the antibody may be made, either 

5 simiiitaneously or separately, using reverse transcriptase and DNA polymerase in accordance 
with well knowTi methods. It may be initiated by consensus constant region primers or by more 
specific primers based on the published heavy and light chain DNA and amino acid sequences. 
As discussed above. PGR also may be used to isolate DNA clones encoding the antibody light 
and heavy chains. In this case the libraries may be screened by consensus primers or larger 
10 homologous probes, such as mouse constant region probes, 
j^j. DNA, typically plasmid DNA, may be isolated from the cells as described herein, 

restriction mapped and sequenced in accordance with standard, well known techniques set forth 

13 

in in detail in the foregoing references relating to recombinant DNA techniques. Of course, the 

^ A, 

!t : I 

g3 DNA may be modified according to the present invention at any point during the isolation 

%1 5 process or subsequent analysis. 

s Preferred antibody sequences are disclosed herein. Oligonucleotide synthesis techniques 
compatible with this aspect of the invention are well known to the skilled artisan and may be 

I'i] carried out using any of several commercially available automated synthesizers. In addition, 

ij DNA sequences encoding several types of heavy and light chains set forth herein can be obtained 

ru 

20 through the services of commercial DNA s>iithesis vendors. The genetic material obtained using 
any of the foregoing methods may then be altered or modified to provide antibodies compatible 
with the present invention. 

While a variety of different t\pes of antibodies may be obtained and modified according 
to the instant invention, modified antibodies used to assemble the dimeric constructs of the 

25 instant invention will share various common trmts. To that end, tlie tenn "immunoglobulin" 
shall be held to refer to a combination of two heaw and two light chains (II9L2) whether or not it 
possesses any relevant specific immunorcactivity. '^Antibodies" refers to such assemblies which 
have significant known specific immimoreactive activity to an antigen (e.g. a tumor associated 
mitigen), comprising light and heavy chains, with or without covalent linkage between them. As 

30 discussed above, '^modified antibodies** according to the present invention are held to mean 
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immunoglobulins, antibodies, or immunoreactive fragments or recombinants thereof, in which al 
least a fraction of one or more of the constant region domains has been deleted or otherwise 
altered so as to provide desired biochemical characteristics such as the ability to non-covalently 
dimerize, increased tumor localization or reduced serum half-life when compared with a whole, 
unaltered antibody of approximately the Scmie immunogenicity. For the purposes of the instant 
application, immunoreactive single chain antibody constaicts having altered or omitted constant 
region domains may be considered to be modified antibodies. As discussed above, preferred 
modified antibodies or domain deleted antibodies of the present invention have at least a portion 
of one of the constant domains deleted. More preferably, one entire domain of the constant 
region of tlie modified antibody will be deleted and even more preferably the entire Ch2 domdn 
will be deleted. 

Basic immunoglobulin structures in vertebrate systems are relatively well imderstood. As 
will be discussed in more detail below, the generic term 'immunoglobulin ' comprises five 
distinct classes of antibody that can be distinguished biochemically. While all five classes are 
=45 clearly within the scope of the present invention, the following discussion will generally be 

directed to the class of IgG molecules. With regard to IgG, immunoglobulins comprise two 
4: identical light polypeptide chains of molecular weight approximately 23.000 Daltons, and two 
% identical heavy chains of molecular weight 53,000-70,000. llie four chains are joined by 

5 disulfide bonds in a configuration wherein the light chains bracket the heavy chains starting 

I } 

la- 

20 at the mouth of the "Y" and continuing through the variable region. 

More specifically, both die light and heavy chains are divided into regions of structural 

and functional homology, 'fhe terms ^'constant" and ''variable'' are used functionally. In this 
regard, it will be appreciated that the variable domains of both the light (Vl) and heavy (Vn) 
chains determine antigen recognition and specificity. Conversely, the constant domains of the 
25 light chain (CY) and the heavy chain (ChL Ci'2 or Ch3) confer important biological properties 
such as secretion, transplacental mobilit}\ Fc receptor binding, complement binding, and the like. 
By convention the numbering of the constant region domains increases as they become more 
distal from the antigen binding site or amino-terminus of the antibody. Thus, the C}\3 and Cl 
domains actually comprise the carbox}-ierminus of the heavy and light chains respectively. 
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Liglit chains arc classified as cither kappa or lajnbda (k, X). Pach hea\y chain class may 
be bound with cither a kappa or lambda light chain. In general, the light and heavy chains are 
covalently bonded to each other, and the ''tail" portions of the two lieavy chains arc bonded to 
each other by covalenl disulfide linkages when the ininiunogobiih'ns are generated either by 
5 hybridomas, B cells or geneticalJy engineered host cells. In the heavy chain, the amino licid 
sequences rim from an N-terminus at the forked ends of the Y configuration to the C-tenniniis at 
tlie bottom of each chain. At the K-tcrminus is a variable region and at the C-terminus is a 
constant region. Those skilled in the art will appreciate that heavy chains are classified as 
gamma, mu, alpha, delta, or cpsilon. (y, a, 5, c) with some subclasses among them. It is the 
^ 10 nature of this chain that determines the ''class'* of the antibody as IgA. IgD, IgH IgG, or IgM. The 
Q immunoglobulin subclasses (isotypcsj e.g. IgG:, IgGu IgGj, IgG4, IgAi, etc. arc well 
I pi characterized and are known to confer functional specialization. Modified versions of each of 
:i these classes and isotypes are readily discernable to the skilled artisan in view of the instant 
Cn disclosure and, accordingly, are within the pur\'iew^ of the instant invention, 
sis As indicated above, the variable region allows the antibody to selectively recognize and 

J"!^ specifically bind epitopes on inmiunoreaclive antigens. That is, the domain and Vh domain 
fU of an antibody combine to form the variable region that defines a three dimensional antigen 
£j binding site. 1 his quaternary antibody stmcturc provides for an antigen binding site present at 

fx ' 

" ~' the end of each ami of the Y. More specifically, the antigen binding site is defined by three 
20 complementary detennining regions (CDRs) on each of the Vn and Vl chains. Of course, the 
dimeric assemblies disclosed herein may be likened to two associated Ys (H4L4) so there will be 
four binding sites, Mence the temi 'Ictravalent'' antibodies. 

l^he six CDRs present on each monomcric antibody {IhLj) arc short, non~contiguous 
sequences of amino acids that are specifically positioned to form the antigen binding site as the 
25 antibody assumes its tliree dimensional configuration in an aqueous environment. The remainder 
of the heavy and light variable domains show less inter-molecular variability in amino acid 
sequence and are termed the framework regions. The framework regions largely adopt a P-sheet 
conformation and the CDRs form loops connecting, and in some cases forming part of, the p~ 
sheet structure. Thus, these framework regions act to form a scaffold that provides for 
30 positioning the six CDRs in correct orientation by inter-chain, non-covalcnt interactions. In any 
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event, the antigen binding site formed by the positioned CDRs defines a surface complementary 
to the epitope on the imniunoreactive antigen. This complementary surface promotes the non- 
covalent binding of the antibody to the immunoreactive antigen epitope. 

For the putposes of tlie present invention, it should be appreciated that disclosed modified 
5 antibodies capable of forming dimeric constructs may comprise any lype of Viiiiable region that 
provides for the association of the homodimer or heterodimer with tlie selected antigen. In this 
regai^d, the variable region may comprise or be derived from any type of mammal that can be 
induced to mount a humoral response and generate immunoglobulins against the desired antigen. 
As such, the variable region of the modified antibodies may be, for example, of human, murine, 
10 non-human primate (e.g. cynomolgus monkeys, macaques, etc.) or lupine origin. In particularly 
preferred embodiments both the variable and constant regions of compatible modified antibodies 
are human. In other selected embodiments the variable regions of compatible antibodies (usually 
CO derived from a non-human source) may be engineered or specifically tailored to improve the 
ffi binding properties or reduce the immunogenic ity of the molecule. In this respect variable 
'"^5 regions useful in the present invention may be humanized or otherwise altered through the 
U inclusion of imported DNA or amino acid sequences. 

ry For the purposes of the instant application ihe term ''humanized antibody'' shall mean an 

J:; antibody derived from a non-human antibody, tj-pically a murine antibody, that retains or 
fU substantially retains the antigen-binding properties of the parent antibody, but which is less 
20 nnmunogenic in humans. This may be achieved by various methods, including (a) grafting the 
entire non-human Vciriable domains onto human constant regions to generate chimeric antibodies; 
(b) grafting at least a part of one or more of the non-human complementarity determining regions 
(CDRs) into a human framework and constant regions with or without retcntioii of critical 
Iramework residues; or (c) trajnsplanting the entire non-human variable domains, but '^cloaking'* 
25 them with a human-like section by replacement of surface residues. Such metliods are disclosed 
in Momson eraL, Froc. NatL Acad Sci. 81: 6851-5 (1984); Morrison el al.Adv. fmmunoL 44: 
65-92 (1988); Vcrhocyen ei aL, Science 239: 1534-1536 (1988); Padlaii, Molea Immun, 28: 489- 
498 (1991): Padlan, Moke, Immmt 31: 169-217 (1994). and U.S. Pat, Nos. 5,585,089, 5,693,761 
^md 5,693,762 ail of which hereby incorporated by reference in their entirety. 
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Those skilled in the art will appreciate that the technique set forth in option (a) above will 
produce "classic" chimeric antibodies. In the context of the present application the temi 
''chimeric antibodies" will be held to mean any antibody wherein the immunoreactivc region or 
site is obtained or derived from a first species and the constant region (which may be intact. 
5 partial or modified in accordance with the instant invention) is obtained from a second species. 
In preferred embodiments the antigen binding region or site will be from a non-human source 
(e.g, mouse) and the constant region is human. While the immunogenic specificity of the 
variable region is not generally affected by its source, a human consttmt region is less likely to 
elicit an immune response from a human subject than would the constant region from a non- 
10 human source. 

U: Preferably, the variable domains in both the heavy and light chains are altered by at least 

partial replacement of one or more CDRs and, if necessary, by partial framework region 
^2 replacement and sequence changing. Although the CDRs may be derived from an antibody of 
13 the same class or even subclass as the antibody from which the framework regions are derived, it 
J'^|5 is envisaged that the CJ)Rs will be derived from an antibody of different class and preferably 
from, an antibody from a different species. It must be emphasized that it may not be necessaty to 
replace ail of the CDRs with the complete CDRs from the donor Vciiiable region to transfer the 

flJ 

antigen binding capacity of one variable domain to another. Rather, it may only be necessaiy to 
If] transfer those residues that are necessary to maintain the activity of the antigen binding site. 

20 Given the explanations set ibrth in U. S. Pat. Nos. 5,585,089, 5,693 J6l and 5,693,762, it will be 
well within the competence of those skilled in the art, either by canying out routine 
experimentation or by trial and error testing to obtain a functional antibody with reduced 
immimogenicity. 

Alterations to the variable region notwithstanding, those skilled in the art will appreciate 
25 that modified antibodies compatible with the instant invention wall comprise antibodies, or 
immunoreactivc fragments thereof, in which at least a fraction of one or more of the constant 
region domains has been deleted or otherwise altered so as to provide desired biochemical 

characteristics such us increased tumor localization or reduced serum half-liCe when compared 
with an antibody of approximately the same immunogenicity comprising a native or unaltered 
30 constant region. In preferred embodiments, the constant region of the modified antibodies will 
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comprise a human constant region. Modifications to the constant region compatible with the 
instant invention comprise additions, deletions or substitutions of one or more amino acids in one 
or more domains. That is, the modified antibodies disclosed herein may comprise alterations or 
modfications to one or more of the three heavy chain constant domains fCuL Cn2 or Qp) and/or 

5 to the light chain constant domain (CY). As will be discussed in more detail below and shown in 
the examples, preferred embodiments of the invention comprise modified constant regions 
wherein one or more domains are partially or entirely deleted ("domain deleted antibodies"). In 
especially preferred embodiments compatible modified antibodies will comprise domain deleted 
constructs or variants wherein the entire C:2 domain has been removed fA(?ii2 constructs). For 
10 other preferred embodiments a short amino acid spacer may be substituted for the deleted domain 
to provide flexibility- and freedom of movement for the variable region. 

As previously indicated, the subunit structures and three dimensional configuration of tlie 
in constant regions of the vaiious immunoglobulin classes are well known. For example, the Cu2 
domain of a human IgG Fc region usually extends fi'om about residue 231 to residue 340 using 
^45 conventional numbering schemes. Tho Cu2 domain is unique in that it is not closely paired with 
s another domain. Rather, two N-linkcd branched carbohydrate chains are interposed between the 
two Ch2 domains of an intact native IgG molecule. It is also well documented that ihe Ch3 
^ Z^ domain extends from the Ch2 domain to the C~tenninal of the Ig(} molecule and comprises 
0 approximately 108 residues while the hinge region of an IgG molecule joins the Cji2 domain 
20 with the Qil domain. This hinge region encompasses on the order of 25 residues and is flexible, 
thereby allowing the two N-terminal antigen binding regions to move independently. 

Besides their configuration, it is known in the art that the constant region mediates 
several effector functions, l^or example, binding of the CI component of complement to 
antibodies activates the complement system. Activation of complement is important in the 
25 opsonisation and lysis of cell pathogens. The activation of complement also stimulates the 
inflammatory response and may also be involved in autoimmune hypersensitivity. Further, 
antibodies bind to cells via the Fc region, with a Fc receptor site on the antibody ¥c region 
binding to a Fc receptor (FcR) on a cell. There are a number of Fc receptors \\4iich are specific 
for different classes ol^ antibody, including IgG (gamma receptors), IgE (eta receptors). IgA 
30 (alpha receptors) and IgM (mu receptors). Binding of antibody to Fc receptors on cell surfaces 
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triggers a nmnber ol^ important and diverse biological responses including engulfinent aiid 
destruction of andbody-coated particles, clearance of immune complexes, lysis of antibody- 
coated target cells by killer cells (called antibody-dependent cell-mediated cytotoxicity, or 
ADCC), release of inflammatory mediators, placental transfer and control of immunoglobulin 
5 production. Although various Fc receptors and receptor sites have been studied to a certain 
extent, there is still much vM.ch is unknovi'ii about their location, stmctiu^e and functioning. 

As discussed above, the modification of the constant region as described herein allow^s 
the disclosed modified antibodies to spontaneously assemble or associate into stable dimeric 
constructs or tetravalent antibodies. Moreover, while not limiting the scope of the present 
10 invention, it is believed that antibodies comprising constant regions modified as described herein 
provide for altered effector functions lliat, in turn, affect the biological profile of the administered 
C3 aiitibody. For example, the deletion or inactivation (through point mutations or other means) of a 
|f| constant region domain may reduce Fc receptor binding of the circulating modified antibody 
% thereby Increasing tumor localization. In other cases it may be that constant region modifications 
consistent with tbe instant invention moderate compliment binding and thus reduce the scrum 
5 half life and nonspecific association of a conjugated cytoioKin. Yet otl}er modifications of the 
?T constcint region may be used to eliminate disulfide linkages or oligosaccharide moities that allow 
= Ibr enhanced localization due to increased antigen specificity or antibody tlexibilit>\ More 
tj generally, those skilled in the art will realize that antibodies modified as described herein may 
'20 exert a number of subtle effects that may or may not be readily appreciated. However the 
resulting physiological profile, bioavailability md other biochemical effects of the modifications, 
such as tumor localization and scrum half-life, may easily be measured and quantified using well 
kno^v immunlogical techniques without undue experinicntaiion, 

Similajiyj modifications to the constant region in accordance with the instant invention 
25 may easily be made using well known biochemical or molecular engineering techniques well 
within the purview of the skilled artisan. In this respect the examples appended hereto provide 
various constructs having constant regions modified in accordance with the present invention. 
More specifically, the exemplified constructs comprise chimeric and humanized antibodies 
having human constant regions that have been engineered to delete tlie Ch2 domain. Those 



24 



skilled in Ihe an will appreciate that such constriicis ai'e pailiculmly preferred due to the 
regulatory properties of the Cu2 domain on the catabolic rate of the antibody, 

ACh2 domain deleted antibodies set forth in the examples and the Figures are derived 
from the chimeric C2B8 antibody which is immunospccilic for the CD20 pan B cell antigen and 
5 the humanised CC49 antibody which is specific for the TAG 72 antigen. As discussed in more 
detail below, both domain deleted constructs were derived from a proprietary vector (IDEC 
Pharmaceuticals, San Diego) encoding an igG| human constant domain. Hssentially, the vector 
was engineered to delete the Ch2 domain and provide a modified vector expressing a domain 
deleted Igd constant region. Genes encoding the murine variable region of the C2B8 antibody 
10 or the variable region of the humanized CC49 antibody were then inserted in the modified vector 
and cloned. When expressed in transformed cells, these vectors provided huCC49.ACH2 or 
1% C2B8.ACji2 respectively. As illustrated below^ these constructs exhibited a nximber of properties 

that make tliem particularly attractive candidates for nionomeric subunits. 
13 It will be noted that the foregoing exemplar)^ constructs were engineered to fuse the Cn3 

^^^5 domain directly to the hinge region of the respective modified antibodies, in other constructs it 
* may be desirable to provide a peptide spacer between the hinge region and the modified Cn2 
and/or Cu3 domains. For example, compatible constructs could be expressed wherein the Ch2 

fu 

[I domain has been deleted and the remaining Ch3 domain (modified or unmodified) is joined to 
^3 the hinge region with a 5 - 20 amino acid spacer. Such a spacer may be added, for instance, to 
20 ensure that the regulatory elements oJ'the constant domain remain free and accessible or that the 

hinge region remains llexible. However, it should be noted that amino acid spacers may, in some 
cases, prove to be immunogenic or inhibit the desired dimerization of the monomeric subunits. 
For example, a domain deleted CC49 construct having a short amino acid spacer 
GGSSGGGCjSG (Seq. ID No. 1) substituted for the Ch2 domain (CC49,ACit2 [gly/scrl) is used 

25 as a control in the examples because it does not assemble spontaneously into a dimeric form. 
Accordingly, any spacer compatible with the instant invention will be relatively non- 
immunogenic and not inhibit the non-covalent association of the modified antibodies. 

Besides the deletion of whole constant region domains, it wall be cippreciated that dhneric 
constructs of the present invention may be provided by the partial deletion or substitution of a few 

30 or even a single amino acid as long as it permits the desired non-covalent association between the 
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monomeric subiHiils* For excmiple, the mutation of a single amino acid in selected ai^eas of the Ch2 
domain may be enough to substantially reduce Fc binding and thereby increase tumor localization. 
Similarly, it may be desirable to simply delete that part of one or more constant region domains that 
control the eflector function (e,g, complement CLQ binding) to be modulated. Such partial 
deletions of the coDsiani regions may improve selected characteristics of the mtibody (serum half- 
life) while leaving other desirable functions associated with the subject constant region domain 
intact. Moreover, as alluded to above, the constant regions of the disclosed antibodies may be 
modified through the mutation or substitution of one or more amino acids tliat enhances the profile 
of the resulting construct. In this respect it may be possible to disrupt the activity provided by a 
conserved binding site (e.g. Fc binding) while substantially maintaining the configuration and 
immunogenic profi le of the modified antibody. Yet other prclcrred embodiments may comprise the 
addition of one or more amino acids to tire constant region to enliance desirable characteristics such 
as effector function or provide for more cytotoxin or carbohydrate attachment. In such 
embodiments it may be desirable to insert or replicate specific sequences derived from selected 
constant region domains. 

Following manipulation of the isolated genetic material to provide modified antibodies as 
set forth above, the genes are typically inserted in aii expression vector for introducuon into host 
cells that may be used to produce the desired quandty of modified antibody diat in turn, provides 
the claimed dimcric constructs. 

The term ^'vector ' or "expression vector" is used herein for the purposes of the specification 
and claims, to mem vectors used in accordance wdth the present invention as a vehicle for 
introducing into and expressing a desired gene in a cell As known to those skilled in the art, such 
vectors may easily be selected from the group consisting of plasmids, phages, viruses and 
retroviruses. In general vectors compatible with the instant invention will comprise a selection 
marker, appropriate restriction sites to facilitate cloning of the desired gene and the ability to enter 
and/or replicate in eukaryotic or prokarj^otic cells. 

For the purposes of this invention, numerous expression vector systems may be 
employed. For example, one class of vector utilizes DNA elements which are derived from 
animal viruses such as bovine papilloma virus, polyoma virus, adenovirus, vaccinia virus, 
baculovirus. retroviruses (RSV, MMTV or MOML-V) or SV40 virus. Others involve the use of 
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polycislronic systems with inlemal ribosome binding sites. Additionally, cells which liave 
integrated the DNA into their chromosomes may be selected by introducing one or more markers 
which allow selection of transfcctcd host cells. The marker may provide for prototrophy to an 
auxotrophic host, biocide resistance (e.g., antibiotics) or resistance to heavy metals such as 
5 copper. The selectable marker gene can either be direclly linked to the DNA sequences to be 
expressed, or introduced into the same cell by cotransformation. Additional elements may also 
be needed for optimal synthesis of mRNA. I^hesc elements may include splice signals, as well as 
transcriptional promoters* enhancers, and termination signals. 

In particularly preferred embodiments the cloned variable region genes are inserted into 
_10 an expression vector along with the heavy and light chain constant region genes (preferably 

if"' 

13 human) modified as discussed above. Preferably, this is effected using a proprietaiT expression 
u 

In vector ol IDEC, Inc., referred to as NHOSPLA, Fhis vector contains the cytomegalovirus 
promoter/enhancer, the mouse beta globin major promoter, the SV40 origin of replication, the 
bovine growth honnone polyadenylation sequence, neomycin phosphotransferase exon 1 and 
15 exon 2, the dihydrofolate reductase gene and leader sequence. As seen in the examples below, 

I this vector has been found to result in very high level expression of antibodies upon 
incorporation of variable and constant region genes, transfection in CHO cells, followed by 
5 selection in G418 containing medium and methotrexate amplification. I his vector system is 
substantially disclosed in commonly assigned U.S, Pat. Kos. 5J36J37 and 5,658,570, each of 
20 which is incorporated by reference in its entirety herein. This system provides for high 
expression levels, i.e.. > 30 pg/cell/day. 

in other preferred embodiments the modified antibodies of the instant invention may be 
expressed using poiycistronic constructs such as those disclosed in copending United States 
provisional application No. 60/331,481 filed November 16, 2001 and incorporated herein in its 
25 entirety. In these novel expression systems, multiple gene products of interest such as heavy and 
light chains of antibodies may be produced from a single poiycistronic construct. These systems 
advantageously use an internal ribosome entr>^ site flRIiS) to provide relatively high levels of 
modified antibodies in eukaryotic host cells. Compatible IRES sequences are disclosed in 
U.S.P.N. 6J93.980 which is also incorporated herein. 1 hose skilled in the art will appreciate 
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that such expression systems may be used to effeciively produce the full range of modified 
antibodies disclosed in the instant application. 

More generally, once the vector or DNA sequence encoding the monomeric subunit (e.g. 
modified antibody) lias been prepared, the expression vector may be intoduced into an 
appropriate host cell That is, the host cells may be transformed. Iiilroduction of the plasmid 
into the host eel! can be accomplished by various techniques well known to those of skill in the 
art. These include, but arc not limited to. transfection (including electrophoresis and 
electroporation), protoplast fusion, calcium phosphate precipitation, cell fusion with enveloped 
DNA, microinjection, and infection with intact virus. See, Ridgway, A. A. G. ''Mammalian 
Expression Vectors'' Chapter 24.2, pp. 470-472 Vectors, Rodriguez and Dcnhardt Kds, 
(Butterworths, Boston, Mass. 1988). Most preferably, plasmid introduction into the host is via 
electroporation. The transibrmed cells are gix)wn under conditions appropriate to the production 
of the light chains and heavy chains, and assayed for heavy imd/or light chain protein synthesis. 
Exemplaiy assay techniques include cnzymc4inked immimosorbent assay (EIJSA), 
radioimmunoassay (RIA). or fl ourescencc-acti vatcd cell sorter analysis (FACS), 
immunohistochemistry and the like. 

As used herein, the term "Irmisformation " shall be used in a broad sense to refer to any 
introduction of DNA into a recipient host cell that changes the genotype and consequently results 
in a change in the recipient cell. 

Along those same lines, "host cells*' reibrs to cells that have been transformed with 
vectors constructed using recombinant DNA techniques and encoding at least one heterologous 
gene. As defined herein, antibodies or modifications thereof produced by a host cell that is. by 
virtue of this transformation, recombinant, in descriptions of processes for isolation of 
antibodies Jxom recombinant hosts, the terms 'cell" and "cell culture^' ai'e used interchangeably to 
denote the source of antibody unless it is clearly specified otherwise. In other words, recovery of 
antibody from the 'cells*' may mean either from spun down whole cells, or from the cell culture 
containing both the medium and the suspended cells. 

The host cell line used for protein expression is most preferably of xnammalian origin; 
those skilled in the art are credited with ability to preferentially determine particular host cell 
lines which are best suited for the desired gene product to be expressed therein. Exemplary host 
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cell lines include, but arc not limited to. DG44 mid DUXBll (Chinese Hamster Ovary lines, 
DHFR minus), IIKLA (human cervical carcinoma), CVl (monkey kidney line), COS (a derivative 
of CVI with SV40 T antigen). RI61() fChinese hamster fibroblast) BALBC/3T3 (mouse 
fibroblast), HAK (hamster kidney line), SP2/0 (mouse myeloma). P3Aimes,63-Ag3.653 (mouse 

5 myeloma). BFA-lclBPT (bovine endothelial cells), RAJl (human lymphocyte) and 293 (human 
kidney). CIIO ceils are particularly preferred. Host cell lines are typically available from 
commercial services, the American 1 issue Culture Collection or from published literature. 

In vitro production allows scale-up to give large amounts oJ* the desired monomeric 
subunit and, by extension, dimeric constructs. Techniques for mammalian ceil cultivation under 
10 tissue culture conditions are knowTi in the art and include homogeneous suspension culture, e.g. 
in an airlift reactor or in a continuous stirrer reacton or immobilized or entrapped cell culture, 
e.g, in hollow fibers, microcapsules, on agarose microbeads or ceramic cartridges. As previously 

Ism' 

12 described, al least some of the monomeric subunits spontaneously associate non-covalently to 
ccj form dimeric antibodies. For ii>olation and recovery of the dimeric antibodies, the 
1^ 5 imiBunoglobulins in the culture supcrnatants may first be concentrated, e.g. by precipitation with 

^ ammonium sulphate, dialysis against hygroscopic material such as PEG. filtration through 
Q selective membranes, or ihe like. If necessary^ and/or desired, the concentrated solutions of 
|:i I tetravalcnt Emtibodies £ire purified by the customary chromatography methods, for example gel 

a. 

j^,; filtration, ion-exchange chromatography, chromatography over DFAI>ccliuiose or (immuno- 
f^Q )affinity chromatography. 

Modified antibody genes can also be expressed non~mammaIian cells such as bacteria or 

yeast. In this regard it will be appreciated that various uriiccliuiar non-mammalian 
microorganisms such as bacteria can also be transformed: i.e. those capable of being growm in 
cultures or iemieniaiion. Bacteria, which are susceptible to transformation, include members of 

25 the enterobacteriaceae. such as strains of Escherichia coli: Salmonella; Bacillaceae, such as 
Bacillus subtil is; Pneumococcus; Streptococcus, and Haemophilus influenzae. It will furdier be 
appreciated that, when expressed in bacteria, the immunoglobulin hcaw chains and light chains 
typically become part of inclusion bodies. The chains then must be isolatecl purified and then 
assembled into functional monomeric subunits. The monomeric subunits will then self-assemble 

30 into tetravalcnt antibodies. 
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In addition to prokmyates, eukaryotic microbes may also be used. Saccharomyces 
cerevisiae. or common baker's yeast, is the most commonly used among eukarj-^otic 
microorganisms although a number of other strains are commonly available. 
For expression in Saccharomyces, the plasmid YRp7. lor example, (Stinchcomb et al, Nature, 
5 282:39 (1979): Kingsman el al. Gene, 7:141 (1979); Ischemper et ai., Gene, 10:157 (1980)) is 
commonly used, l^his plasmid already contains ihe trpl gene wiiich provides a selection matter for 
a mutant strain of yeast lacking the ability to grow in trvptophan, for example /VFCG No. 44076 or 
PEP4-1 (Jones, Genetics. 85:12 (1977)), The presence of the trpl lesion as a characteristic of the 
yeast host cell genome flien provides an effective environment for detecting transformation by 
10 growth in the absence of tiyptophan. 

Regardless of how clinically useful quantities are obtained, the dimeric antibodies of the 
it, present invention may be used in any one of a nimiber of conjugated (i.e. an immimoconjugate) 
in or unconjugated fonns. In particular, the antibodies of the present invention may be conjugated 
Q to cytotoxins such as radioisotopes, therapeutic agents, cytostatic agents, biological toxins or 
'%5 prodrugs. Alternatively, the dimeric antibodies of the instant invention may be used in a 
I nonconjugated or original form to harness the subject's natural defense mechanisms to eliminate 
1^, the maligmuit cells. In particularly prefeired embodiments, the modified antibodies may be 
conjugated to radioisotopes, such as ''"Y. '■■I, '-''l, ^"'I, "^In, '°^Rh, '"Sm, ^'Cu, ^^Ga, ^^'Ho, 
Lu, Re and ' Re using anyone of a number of well known chelators or direct labeling. In 
20 other embodiments, tlie disclosed compositions may comprise modified antibodies coupled to 
drugs, prodrugs or biological response modifiers such as methotrexate, adriamycin, and 
lymphokines such as interferon. Still other embodiments of the present invention comprise the 
use of modified antibodies conjugated to specific biotoxins such as ricin or diptheria toxin, hi 
yet other embodiments the modified antibodies may be complexed with other immunologically 
25 active ligands (e.g. and bodies or fragments thereof) wherein the resulting molecule binds to both 
the neoplastic cell and an effector cell such as a T cell. The selection of which conjugated or 
unconjugated modified antibody to use will depend of the t>pe and stage of cancer, use of adjunct 
treatment (e.g,, chemotherapy or external radiation) and patient condition. It will be appreciated 
diat one skilled in the art could readily make such a selection in view of the teachings herein. 
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As used herein, ''a cyloioxin or cytotoxic agent" means any agent timt is detrimental to the 
grov^lh and proliferation of cells and may act to reduce, inhibit or distroy a cell or malignancy 
when exposed thereto, fixemplary^ cylotoxins include, but arc not limited to, radionuclides, 
biotoxins, enzymatically active toxins, cytostatic or cytotoxic therapeutic agents, prodrugs, 
imiiiimologically active ligaiids and biological response modifiers such as cytokines. As will be 
discussed in more detail below, radionuclide cytotoxins are paiticularly preferred for use in the 
instant invention, Mow^ever, any c>1otoxin that acts to retard or slow the growth of 
immuiioreactive cells or malignant cells or to eJiminaie these cells and may be associated with 
the dimeric antibodies disclosed herein is within die purview of the present invention. 

It will be appreciated that in previous studies, anti-tumor antibodies labeled with these 
isotopes have been used successfully to destroy cells in solid tumors as well as 
Ivmphomas/leukemias in animal models, and in some cases in humans. The radionuclides act by 
producing ionizing radiation which causes multiple sti'and breaks in nuclear DNA, leading to cell 
death. The isotopes used to produce therapeutic conjugates typically produce high energy a- or 
p-particles which have a short path length. Such radionuclides kill cells to which they are in close 
proximity, for example neoplastic cells to which the conjugate has attached or has entered. They 
have little or no effect on non-localized cells. Radionuclides are essentially non-immunogenic. 

it will be appreciated that, in previous studies, anti-tumor antibodies labeled with isotopes 
have been used successfully to destroy cells in solid tumors as well as lymphomas/leukcmias in 
animal models, and in some cases in humans. The radionuclides act by producing ionizing 
radiation which causes multiple strand breaks in nuclear DNA, leading to cell death. The 
isotopes used to produce therapeutic conjugates typically produce high energy a-, y- or p~ 
particles which have a therapeutically effective path length. Such rMionaclides kill cells to 
which they are in close proximity, for example neoplastic cells to which the conjugate has 
attached or has entered. They generally have little or no effect on non-localized cells. 
Radionuclides are essentially non-ininiunogenic. 

With respect to the use of radiolabeled conjugates in conjunction with the present 
invention, the modified antibodies may be directly labeled (such as through iodination) or may be 
labeled indirectly through the use of a chelatmg agent. As used herein, the phrases "indirect 
labeling'* and "indirect labeling approach" both mean that a chelating agent is covalently attached 
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to an antibody and at least one radionuclide is associated udih the chelating agent Such 
chelating agents are typically referred to as biflinctional chelating agents as they bind both the 
polypeptide and the radioisotope. Particularly preferred chelating agents comprise 1- 
isothiocycniatobe3izyl-3-methyldiothelenc triaminepentaacetic acid (*'MX-DTPA'') and 
cyciohexyl diethylenetriamine peiitaacelic acid ("CHX-UTPA*^- derivatives. Other chelating 
agents comprise F43()TA and BD'I A derivatives. Particularly preferred radionuclides for 
indirect label ing incl ude ^ ' ^ In and 

As used herein, the phrases "direct labeling'' and "direct labeling approach" both mean 
that a radionuclide is covalently attached directly to a dimeric antibody (tvpically via m amino 
acid residue). More specifically, these linking technologies include random labeling and site- 
directed labeling. In the latter case, the labch'ng is directed at specific sites oo the dimer or 
tetrarner. such as the N4inked sugar residues present only on tlie Fc portion of the conjugates. 
Further, various direct labeling lecliniques and protocols are compatible with the instant 
invention. For example, 'rechnetium-99m labelled tctravaJent antibodies may be prepared by 
ligand exchange processes, by reducing pertechnate ('[ CO4') with stannous ion solution, chelating 
the reduced technetium onto a Sephadex column and applying the antibodies to this colunin, or 
by batch labelling techniques, e.g. by incubating pertechnate, a reducing agent such as SnCla. a 
buffer solution such as a sodium-potassium phdialate-solution, and the antibodies. In any event, 
preferred radionuclides for directly labeling antibodies arc well known in the art and a 
particularly prelerred radionuclide J or direct labeling is ^^^l covalently attached via tyrosine 
residues. Modified antibodies according to the invention may be derived, for example, with 
radioactive sodium or potassium iodide and a chemical oxidising agent, such as sodium 
hypoclilorilc, chloramlne T or the like, or an cn/ymatic oxidising agent, such as lactopcroxidase, 
glucose oxidase and glucose. However, for the purposes of the present invention, the indirect 
labeling approach is particularly preferred. 

Patents relating to chelators and chelator conjugates arc known in the art. For instance, 
U.S. Patent No, 4,831,] 75 of (lansow is directed to polysubstimtcd 
diethylenetriaminepentaacetic acid chelates and protein conjugates containing the same, and 
methods for their preparation. U.S. Patent Nos. 5,099.069. 5,246.692. 5,286,850, 5,434,287 and 
5,124,471 of Ciansow also relate to polysubstitutcd DTPA chelates. These patents arc 
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incorporated herein in their eiiiirety. Other exmnples of compatible metal chelators are 
ethylencdiammctctraacetic acid (HDl'A), diethylenetriamiiiepentaacctic acid (DPI A). lASJl- 
tetraazatctradccanc, 1 ,4,8^1 1 -tctraazatetradecanc-l ,4,8,1 1 -tctraacctic acid, 1 "Oxa-4,7,12,15- 
tetraazaheptadecaiie-4JJ2J5-ielraacetic acid, or the like, Cycloliexyl-DTPA or CHX-DTPA is 
5 particulariy preferred and is exemplified extensively below. Still other compatible chelators, 
including those yet to be discovered, may easily be discerned by a skilled artisan and ai^e clearly 
within the scope of the present invention. 

Compatible chelators, including the specific bi functional chelator used to facilitate 
chelation in co-pending application Serial Nos. 08/475,813, 08/475,815 and 08/478,967, are 
10 preferably selected to provide high affinity for trivalent metals, exhibit increased tumor-to-non- 
|d, tumor ratios and decreased bone uptake as wcJ! as greater in vivo retention of radionuclide at 
target sites, i,e,* B-cell lymphoma tumor sites. However, other bifimctional chelators that may or 
may not possess all of these characteristics are known in the an and may also be beneficial in 

CP 

Q tumor dierapy. 

rJ5 ft will also be appreciated that, in accordance with the teachings herein, modified 

antibodies may be conjugated to different radiolabels for diagnostic and therapeutic purposes. To 
this end Ore aforementioned co-pending applications, herein incorporated by reference in their 
[s- entiret}^ disclose radiolabeled therapeutic conjugates for diagnostic 'imaging'' of tumors before 
^ninistration of therapeutic antibody, '1n2B8** conjugate comprises a murine monoclonal 

20 antibody, 2B8, specific to human CD20 antigen, that is attached to ^^^In via a bifunctional 
chelator, i.e., VIX-DTPA (diethylenetriaminepentaacetic acid)^ which comprises a 1:1 mixture of 
l-isothiocyanatobenzyl-3~methyl~DTPA and l-methyl-B-isothiocyanatobenzyl-DTPA, ^^^In is 
particularly prcfciTcd as a diagnostic radionuclide because between about i to about 10 niC'i can 
be safely administered without detectable toKicity: and the imaging data is generally predictive of 

25 subsequent '^'^Y-labeled antibody distribution. Most imaging studies utilize 5 mCi ^In-labeled 
antibody, because this dose is both safe and has increased imaging efficiency compared with 
lower doses, with optimal imaging occurring at three to six days after antibody administration. 
See, for example, Murray, ./ Nna Med. 26: 3328 (1 985) and Carraguillo et aL. J. Nvc. MecL 26: 
67(1985). 
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As indicated above, a variety of radionuclides are applicable lo the present invention and 
those skilled in the art are credited wth the abilitj^ to readily dctcmiine vv^hich radionuclide is most 
appropriate under various circumstances. For example^ ^'^I is a well knovv^n radionuclide used for 
targeted inrniunotherapy. However, the clinical usefulness of T can be limited by several factors 
5 including: eight-day physical half-life; dehalogenaiion of iodinaied antibody both in the blood and 
at tumor sites; and emission characteristics {e.g.. large gamma component) which cm be 
suboptimal for localized dose deposition in tumor. With the advent of superior chelating agents, 
the opportunity for itaching metal chelating groups to proteins has increased tlie opportunities to 
utilize other radionuchdes such as '^hn and ^'^Y, provides several benefits for utilization in 
10 radioimmimothcrapeutic applications: the 64 hour half-life of ^^Y is long enough to allow antibody 
1^, accumulation by tumor and, unlike e.g., ^~^L '^''Y is a pure beta emitter of high energy with no 
I J accompanying gamnia itradiation in its decay, with a range in tissue of 100 to LOGO cell diameters. 
In Furthermore, tiie minimal amount of penetrating radiation allows for outpatient administetion of 
ffi ^^Y-labcled antibodies. Additionally, internalization of labeled antibody is not required for cell 
^'j. 5 killing, and the local emission of ionizing radiation should be lethal for adjacent tumor cells lacking 
s the target antigen. 

Effective single treatment dosages (i.e.. iherapeulically effective amounts) of ^'V-labeied 
I i; modified antibodies range from between about 5 and about 75 mCi. more preferably between 
C3 about 10 and about 40 mC'i. Effective single treatment non-maiTow ablative dosages of ^'''^I- 
20 labeled antibodies range from between about 5 and about 70 mCi, more preierably between about 
5 and about 40 mCi* Elfeciive single treatment ablative dosages (i.e., may require autologous 
bone maiTOw^ transplantation) of ^"^^Mabelcd antibodies range from between about 30 and about 
600 mCi, more preferably between about 50 and less than about 500 mCi. In conjunction with a 
chimeric antibody, owing to the longer circulating half life vis-a-vis murine antibodies, an 
25 ef&ctive single treatment non~mar!'ow ablative dosages of iodine-Bl labeled chimeric 
antibodies range from between about 5 and about 40 mC\. more preferably less th£m about 30 
mCi, Imaging criteria for, e.g., the ^^Mn label, are typically less than about 5 mCi. 

Willie a great deal of clinical experience has been gained with ^"^'l and *^^^Y, other 
radiolabels are known in the art and have been used lor similar purposes. Still otlier 
30 radioisotopes are used lor imaging, f or example, additional radioisotopes which are compatible 



34 



with the scope of the instant invention include, but are not limited to, ''"'^Co, ^'^Cu, 

'Tm, ''Br, ''Kb. ''Kx. ''Sr, ''hn, '''Cs. ^''^Cs, ^''Ug, '''BI '''Ro. ''H% '''BU 

"'Sc, ^^^^'Rh, ^'^-^Pd '''Sm, ''^Rc, ^""Au, ^'Ac, ^^'\\t, and Bi. In this respect alpha, gainma and 
beta emitters arc all compatible with in the instant invention. Further, in view of the instant 
disclosure it is submitted that one skilled in the art could readily determine which radionuclides 
are compatible with a selected coiu'se of treatment without undue experimentation. To this end 
additional radionuclides which have ah'cady been used in clinical diagnosis include '^'"^1, ^^^I, 
'^"^Tc, '^"'K, ^^Fe, ^"'Ga, ''^Ga. as well as ^ ' 4n. Antibodies have also been labeled with a variety of 
radionuclides for potential use in targeted immunotherapy Peirersz et aL Immunol Cell Biol 65: 
11M25 (1987), These radionuclides include ^^^Re and ^^^'Rc as well as ^^^Au and ^\?,u to a 
lesser extent. U.S. Patent Xo, 5,460.785 provides additional data regarding such radioisotopes 
and is incorporated herein by reference. 

In addition to radionuclides, the dimeric antibodies of the present invention may be 
conjugated to. or associated with, any one of a number of biological response modifiers, 
pharmaceutical agents, toxins or immunologically active ligands. Those skilled in the art will 
appreciate that these non-radioactive conjugates may be assembled using a variety of techniques 
depending on the selected cyiotoxin. For example, conjugates with biotin are prepared e.g. by 
reacting the dimeric antibodies with an activated ester of biotin such as the biotin K- 
hydroxysuccinimide ester. Similarly, conjugates with a fluorescent marker may be prepared in 
the presence of a coupling agent, e.g. those listed above, or by reaction with an isothiocyanate. 
preferably fluorescein-isolhiocyanate. Conjugates of the letravalent antibodies of the invention 
with cytostatic/cjtotoxic substances and metal chelates arc prepared in an analogous manner. 

Preferred agents for use in the prescni invention are c}1:oloxic drugs, particularly those 
which are used for cancer therapy. Such drugs include, in general, cytostatic agents, alkylating 
agents, antimetabolites, anii-proliferaiive agents, tubulin binding agents, honnones and hormone 
antagonists, and the like, Kxcmplar>' c>lostatics that are compatible wdth the present invention 
include alkylating substances, such as mcchloreihaminc, tricthylencphosphoramidc, 
cyclophosphamide, ifosfamide, chlorambucil busulfan, melphalan or triaziquone, also 
nitrosourea compounds, such as carmustine. lomustine, or semusline. Other preferred classes of 
cytotoxic agents include, for example, the anihracycline family of drugs, the vinca drugs, the 
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mitomycins, the bleomycins, the cytotoxic nucleosides, the pieridine family of daigs, di>iienes, 
and the podophyliotoxins. Particularly useful members of those classes include, for example, 
adriamycin. carminomycin, daunorabicin (daunomycin), doxorubicin, aminoptcrin. methotrexate, 
methopterin. mithramycin, streptonigrin. dichloromethotrexate, mitomycin C. actinomycin-D, 

porfiromycin, 5-fluorouraciL floxuridine. Ilorafur. 6~'mercapiopurioe5 cylarabine, cylosine 
arabiiioside, podophyllotoxin, or podophyllotoxin derivatives such as etoposide or etoposidc 
phosphate, melphalan, vinblastine, vincristine, Icurosidine, vindesine. Icurosine and the like. 
Still other cytotoxins that are compatible w^ith the teachings herein include taxol, taxane, 
cytochaiasin B. gramicidin D. ethidium bromide, emetine, tenoposide, colchicin. dihydroxy 
anthracln dionc, mitoxantrone. procaine, tetracaine, lidocainc, propranolol, and poromycin and 
analogs or homologs thereof I lormoncs and hormone antagonists, such as corticosteroids, e.g. 
prednisone, progestins, e.g. hydro\yprogesterone or medroprogesterone, estrogens, e.g. 
diethylstilbestrol, antiestrogens, e.g. tamoxifen, androgens, e.g. testosterone, and aromaiase 
inhibitors, e.g. aminogluthetimidc arc also compatible with the teachings herein. As noted 
^45 previously, one skilled in the art may make chemical modifications to the desired compound in 
- order to make reactions of that compound more convenient for purposes of preparing conjugates 
T". of the invention. 

' % One example of particularly prefeired cytotoxins comprise members or derivatives of the 

C5 enediyne family of anti4umor antibiotics, including calichcamicin, cspcramicins or dyncmicins. 

t] i 
ii \^ \ 

10 These toxins are extremely potent and act by cleaving nuclear DNA, leading to cell death. 
Unlike protein toxins which can be cleaved in vivo to give many inactive but immunogenic 

polypeptide fragments, toxins such as calichcamicin. cspcramicins and other encdiyncs are small 
molecules which are essentially non-immunogenic. I^hese non-peptidc toxins arc chemically- 
linked to the dimers or tetramers by techniques which have been previously used to label 

25 monoclonal antibodies and other molecules. These linking technologies include site-specific 
linkage via the N-linkcd sugar residues present only on the Fc portion of the constructs. Such 
site-directed linking methods have the advantage of reducing the possible effects of linkage on 
the binding properties of the conslrucis. 

As previously alluded to. compatible cytotoxins may comprise a prodrug. As used herein, 

30 the term '^prodrug'* refers to a precursor or derivative form of a pharmaceutically active substance 
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that is less cytotoxic to tumor cells compai'ed to the parent drug aiid is capable of being 
enzynialically activated or converted into the more active parent form. Prodrugs compatible with 
the invention include, but are not limited to, phosphate-containing prodrugs, thiophosphate- 

containing prodrugs, sulfate containing prodrugs, peptide containing prodrugs, p-lactam-containing 
5 prodrugs, optioneilly substituted pheiioxyacetarriide-coiitaining prodrugs or optionally substiluled 
phenylacetamide-containing prodrugs. 541uorocytosine and other 541uorouridinc prodi^ugs that can 
be conveited to the more active cjtotoxic tree drug. Furtlier examples of cytotoxic drugs that can 
be derivatized into a prodrug form Jbr use in the present invention comprise those chemotherapeutic 
agents described above. 

10 Among other cylotoxins, it will be appreciated that dimcric antibodies can also be 

H: associated with a biotoxin such as ricin subunit A. abrin, diptheria toxin, botuiinum, cyanginosins, 
fl] saxitoxin, sliigatoxin, tetanus, letrodotoxin, trichothecene, verrucologen or a toxic enzyme. 
J 5 Preferably, such constmcis will be made using genetic engineering techniques ihai allow for direct 

u expression of the antibody-toxin construct Other biological response modifiers that may be 

Efi 

,J5 associated with the modified antibodies of the present invention comprise cytokines such as 

lymphokines mid interferons. In view of tfic instant disclosure it is submitted that one skilled in the 
art could readily form such constructs iisiiis conventional techniques. 

ru 

Q Another class of compatible cvlotoxins that may be used in conjunction with the disclosed 

;rj tetravalcnt antibodies are radioscnsitizing drugs that may be effectively directed to tumor or 
20 immunoreacrive cells. Such drugs enhance the sensitivity to ionizing radiation, thereby increasing 

the efficacy of radiotherapy. An antibody conjugate internalized by the tumor cell would deliver 
the radioscnsitizer nearer the nucieiis where radiosensitization would be maximal. "ITie unbound 
radiosensitizer linked modified antibodies would be cleared quickly from the blood, localizing the 
remaining radiosensitization agent in the target tumor and providing minimal uptake in normal 

25 tissues. After rapid clearance from the blood, adjunct radiotherapy would be administered in one of 
three ways: 1.) external beam radiation directed specifically to the tumor, 2.) radioactivity directly 
implanted in the tumor or 3.) systemic radioimmunotherapy with the same targeting antibody. A 
potentially attractive variation of this approach would be the attaclmient of a therapeutic 
radioisotope io the radiosensitized immunoconj ugate. thereby providing the convenience of 

30 administering to the patient a single daig. 
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Whether or not the disclosed letravaleni antibodies are used in a conjugated or unconjugated 
fonn, it will be appreciated that a major advantage of the present invention is the ability to use these 
dimeric consiracts in myelosupprcssed patients, especially those who are undergoing, or have 
undergone, adjunct therapies such as radiotherapy or chemotherapy, 'fl^at is. the beneficial delivery 
profile (i.e. relatively short serum dwell time, high binding affinity and enhanced localization) of 
the dimeric antibodies makes them particularly useful for treating patients that have reduced red 
marrow reserves and are sensitive to myelotoxicity^ In this regard, the unique delivery profile of the 
dimeric antibodies make them very effective for the administration of radiolabeled conjugates to 
myelosupprcssed cancer patients. As such, the modified antibodies are useful in a conjugated or 
unconjugated form in patients that have previously undergone adjunct therapies such as external 
beam, radiation or chemotherapy, hi other prefeiTcd embodiments, the dimeric antibodies (again in 
a conjugated or unconjugated fonn) may be used in a combined therapeutic regimen with 
chemotherapeutic agents. Those skilled in the art will appreciate that such Uierapeutic regimens 
may comprise the sequential simultaneous, concurrent or coextensive administration of the 
disclosed antibodies and one or more chemotherapeutic agents. Particularly preferred embodiments 
of this aspect of the invention will comprise the administration of a radiolabeled dimeric antibody. 

While the dimeric antibodies may be administered as described immediately above, it must 
be emphasized that in otlicr embodiments conjugated and unconjugated dimeric antibodies may be 
administered to otherwise healthy patients as a first line therapeutic agent. In such embodiments 
the dimeric antibodies may be administered to patients having normal or average red marrow 
reseives and/or to patients that have noL and arc not, undergoing adjunct therapies such as external 
beam radiation or chemotherapy. 

However, as discussed above, selected embodiments of the invention comprise the 
administration of dimeric antibodies to myelosupprcssed patients or in combination or conjunction 
with one or more adjunct therapies such as radiotherapy or chemotherapy (Le. a combined 
therapeutic regimen). As used herein, the administration of dimeric antibodies in conjunction or 
combination with an adjunct therapy means the sequential, simultaneous, coextensive, concurrent 
concomitant or contemporaneous administration or application of the therapy and the disclosed 
antibodies. Those skilled in the art will appreciate that the adminisfration or application of the 
various components of the combined therapeutic regimen may be tuned to enhance the overall 
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effectiveness of the trealment, Vor example, chemotherapeulic agents could be administered in 
standard, well known courses of treatment followed within a few weeks by radioiinmunoconju^ates 
of the present invention. Conversely, cytotoxin associated dimeric antibodies could be 
administered intraveriously followed by tumor localized external beam radiation. In yet other 
embodiments, the dimeric antibody may be administered concurrently with one or more selected 
clieoiothcrapcutic agents in a single office visit, A skilled artisan (e.g. an experienced oncologist) 
would be readily be able to discern effective combined therapeutic regimens witliout undue 
experimentation based on the selected adjunct therapy and the teachings of the instant specification. 

In this regard it will be appreciated thai the combination of the dimeric antibody (witli or 
without cytotoxin) and the chemotherapeutic agent may be administered in any order and within 
any time frame that provides a iherapeiilic benefit to the patient That is. the chemotherapeutic 
agent and dimeric antibody may be administered in any order or concurrently. In selected 
embodiments die dimeric antibodies of the present invention will be administered to patients that 
have previously undergone chemotlicrapy. In yet otlicr embodiments, the dimeric antibodies and 
tlie chemotherapeutic IrcaUnent will be administered substantially simultaneously or concurrently. 
For example, the patient may be given the modified antibody while midergoing a course of 
chemoilierapy. In preferred embodiments the modified antibody will be administered within 1 year 
of any chemotherapeutic agent or treatment. In other preferred embodiments die dimeric antibody 
will be administered within 1 0, 8, 6, 4, or 2 months of any chemotherapeutic agent or treatment. In 
still other preferred embodiments the dimeric antibody will be administered within 4, 3^ 2 or 1 week 
of any chemotherapeulic agent or ireaimenL In yet other embodiments the dimeric antibody will be 
administered within 5, 4. 3, 2 or 1 days of the selected chemotherapeutic agent or treatment. It will 
fiirther be appreciated that the two agents or treatments may be administered to the patient within a 
matter of hours or minutes (i.e. substantially simultaneously). 

Moreover, in accordance with the present invention a myelosuppressed patient shall be held 
to mean any patient exhibiting lowered blood counts. I'hosc skilled in the art will appreciate that 
there arc several blood count parameters conventionally used as clinical indicators of 
myelosuppresion and one can easily measure the extent to which myelosuppresion is occurring in a 
patient. Examples ol^ cirl accepted myelosuppression measurements are the Absolute Neutrophil 
Count (ANC) or platelet count. Such myelosuppression or partial myeloablation may be a result of 
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various biochemiccil disorders or diseases or. more likely, as the result of prior chemodierapy or 
radiotherapy. In this respect, those skilled in the art will appreciate that patients who have 
undergone traditional chemotherapy tyTpically exhibit reduced red marrow reserves. As discussed 
above, such subjects oflen cannot be treated using optimal levels of cylotoxin (i.e, radionuclides) 

5 due to imacceplable side effects such as anemia or immunosuppression that result in increased 
mortality or morbidity. 

More specifically conjugated or unconjugated dimcric antibodies of the present invention 
may be used to effectively treat patients having AKCs lower than about 2000/mm^ or platelet 
counts lower than about 150.000/ mm^ More preferably the dimeric antibodies of the present 
1 0 invention may be used to treat patients having ANCs of less than about 1 500/ mm"^, less than about 

l OOO/mm'' or even more preferably less than about 500/ mnr\ Similarly, the dimcric antibodies of 
Q the present invention may be used to treat patients having a platelet count of less than about 
in 75j000/mm\ less than about 50,000/mm or even less than about l05000/mm^ In a more general 

sense, those skilled in the art will easily be able to determine when a patient is myclosupprcsscd 
i[\ 5 using government implemented guidelines and procedures. 

As indicated above, many m>c]osuppressed patients have undergone courses of treatment 
ri' including chemotherapy, implant radiotherapy or exteinal beam radiotherapy. In the case of die 

latter, an external radiation source is for local irradiation of a nialigoaiicy. For radiotherapy 

\J 

Q implantation methods, radioactive reagents are surgically located within the malignancy, thereby 

rn 

' 20 selectively irradiating the site of the disease, hi any event, the disclosed dimeric antibodies may be 
used to treat disorders in patients exhibiting myelosuppression regardless of the cause. 

In this regard it will further be appreciated that the dimcric antibodies of the instant 
inyention may be used in conjunction or combination with any chcmotherapeutic agent or agents 
(e.g. to provide a combined therapeutic regimen) tliat eliminates, reduces, inhibits or controls the 

25 growth of neoplastic cells in vivo. As discussed, such agents often result in die reduction of red 
marrow reserves. This reduction may be offset, in whole or in part, by the diminished 
myelotoxicity of the compounds of the present invention that advantageously allow for the 
aggressive treatment oJ^ neoplasms in such patients. In other preferred embodiments the 
radiolabeled immunoconjugates disclosed herein may be effectively used with radiosensitizers 

30 that increase the susceptibility of the neoplastic cells to radionuclides. For example. 
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racUosensiiizing compounds may be administered after llie radiolabeled modified antibody has 
been largely cleared from the bloodstream but still remains at therapeutically effective levels at 
the site of the tumor or tumors. 

With respect to these aspects of the invention, exemplary chcmotherapic agents that are 
5 compatibie with the instant invention include alkylating agents, vinca alkaloids (e,g., vincristine 
and vinblastine), procarbazinCj methotrexate and prednisone, l^he four-drug combination MOPP 
(mechlethaminc (nitrogen mustard), vincristine (Oncovin), procarbazine and prednisone) is vcr>- 
effective in treating various types of lymphoma and comprises a preferred embodiment of the 
present invention. In MOPP-resistant patients, ABVD (e.g,, adriamycin, bleomycin, vinblastine 
10 and dacarbazinc), ChlVPP (chlorambuciL vinblastine, procarbazine and prednisone), CABS 
(lomustine, doxoaibicin, bleomycin and strcptozotociii), MOPP plus ABVD. MOPP plus ABV 
(doxorubicin, bleomycin and vinblastine) or BCVPP (carmtistine, cyclophosphamide, 
in vinblastine, procarbazine and prednisone) combinations c^rn be used. Arnold S. Freedman and 

.•«.■=: 

fj Lee IVL Nadier. Malignant Lymphomas, in HarrisoVs Principles of Internal Medicine MIA- 
-15 1788 (Kurt J. Lsselbacher et al. eds., 13'^' cd. 1994) and V, T. DcVita ei aL (1997) and the 
s references cited therein for standard dosing and scheduling. These therapies can be used 
|i unchanged, or altered as needed for a pailicuku^ patient, in combination with one or more 
:^ ^; modified antibodies as described herein. 

Vj Additional regimens that are useful in the context of the present invention include use of 

20 single alkylating agents such as cyclophosphamide or chlorambucil, or combinations such as CVP 
(cyclophosphamide, vincristine and prednisone), CHOP (CVP and doxorubicin), C-MOPP 

(cyclophosphamide, vincristine, prednisone and procarbazine), CAP-BO 1^ (CtlOf^ plus 
procarbazine and bleomycin), m-BAtXJl) (CHOP plus mcthoti*exate, bleomycin and leucovorin), 
ProMACE-MOPP (prednisone, methotrexate, doxorubicin, cyclophosphamide, etoposide and 

25 leucovorin plus standard MOPP). ProMACE-CytaBOM (prednisone, doxorubicin, 
cyclophosphamide, etoposide, cytarabine, bleomycin, vincristine, methotrexate and leucovorin) and 
MACOP-B (methotrexate, doxombicin, cyclophosphamide, vincristine, fixed dose prednisone, 
bleomycin and leucovorin). Those skilled in the art will readily be able to detennine standard 
dosages and scheduling for each of these regimens, CHOP has also been combined with 

30 bleomycin, methotrcxaic, procarbazine, nitrogen mustard, cytosine arabinosidc and etoposide. 
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Other compatible chemotherapeuiic agents include, but are not limited to, 2-chlorodeoxyadenosine 
(2"CDA)5 2 -deoxycofomiycin and fludarabinc. 

For patients v^dth iiitermediatc- and high-grade NIfL, who fail to achieve remission or 
relapse, salvage therapy is used. Salvage therapies employ drugs such as cytosiiie ambinoside. 
5 cisplatin. etoposide mid ifosfamide gix eii alone or in combination. In relapsed or aggressive forms 
of certain neoplastic disorders the following protocols are often used: IMVP~16 (ifosfamide, 
methotrexate and etoposide), MIMIi (methyl-gag, ifosfamide, methotrexate and etoposide), DHAP 
(dexamethasone. high dose cytarabine and cisplatin), J^SHAP (etoposide. methylpredisolone, HD 
c}1:arabine, cisplatin)^ CE?P(B) (cyclophosphamide, etoposide. procarbazine, prednisone and 
10 bleomycin) and CAMP (lomiistine, oiitoxaiitroiie, cytarabine and prednisone) each with well 
; , known dosing rates and schedules. 

The amount of chemotherapeutic agent to be used in combination with the dimeric 

U 

in antibodies of the instant invention may vary- by subject or may be administered according to what 

in 

pi is known in tlie art. Sec for example, Bruce A Chabner at al. Antineoplastic Agents, in 

h SI* 

^§5 GooDiviAN & Oilman's Tiie PnARMACOLOCiCAC. Basis of Ihkraphuiics 1233-1287 ((Joel G. 

3 Hardman ei ciL, eds.. 9^^' ed. 1996). 

II, As previously discussed, die leiravalent antibodies of the present invention, 

^ % immunoreactive fragments or recombinants thereof may be administered in a phamaccutically 

15 effective amount for the in vivo treatment of mammalian disorders. In this regard, it will be 

fU 

20 appreciated that the disclosed antibodies will be Jbrmulated so as to facilitate administration and 
promote stability of the active agent. Preferably, phamiaccutical compositions in accordance 
with the present invention comprise a pliarmaceutically acceptable, non-toxic, sterile carrier such 
as physiological saline, non-toxic buffers, preservatives and the like. Vox the pmposcs of the 
instant application, a pharmaceutically effective amount ol' the dimeric antibody, immunoreactive 

25 fi*agment or recombinant thereof, conjugated or unconjugated to a therapeutic agent, shall be held 
to mean mi amount sufficient to achieve effective binding with selected immunoreactive antigens 
on neoplastic or immunoreactive cells and provide for an increase in the death of those cells. Of 
course, the phamiaceutical compositions of the present invention may be administered in single 
or multiple doses to provide for a pharmaceutically effective ctmoimt of the dimeric antibody. 
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More specifiailly. they the disclosed antibodies mid methods should be useful for 
reducing tumor size, inhibiting tumor growth and/or prolonging the survival time of tumor- 
bearing animals. Accordingly, this invention also relates to a method of treating tumors m a 
human or other animal by administering to such human or animal an effective, non-toxic amoimt 
5 of dimeric antibody. One skilled in the art would be able, by routine experimentation, to 
determine what an effective, non-toxic amomit of dimeric antibody would be for the purpose of 
treating malignancies. For example, a therapeutically active amount of a dimeric antibody may 
vary according to factors such as the disease stage (e,g.. stage I versus stage IV), age, sex, 
medical complications {e.g.. immunosuppressed conditions or diseases) and weight of the 
10 subject, and the ability of the antibody to elicit a desired response in the subject. The dosage 
regimen may be adjusted to provide the optimum therapeutic response. For example, several 
P; divided doses may be administered daily, or the dose may be proportionally reduced as indicated 
^f. by the exigencies of tlie therapeutic situation. Generally, however, an effective dosage is 

CD expected to be in the range of about 0.05 to 100 milligrams per kilogram body weight per day 

C 

fA5 and more preferably from about 0.5 to 10. milligrams per kilogram body weight per day. 

For purposes of clarilicaiion ''MaiiimaF' reiers to any animal classified as a mammal, 

s 

C3 including humans, domestic ^ind farm animals, and zoo, sports, or pel animals, such as dogs, horses, 
fU cats, cows, etc. Preferably, tlie mammal is human, 

!£ "Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. 

Wo Those in need of treatment include those already with the disease or disorder as well as those in 
which the disease or disorder is to be prevented. Hence, the mammal may have been diagnosed as 
having the disease or disorder or may be predisposed or susceptible to the disease. 

In keeping with the scope of the present disclosure, the dimeric antibodies of the 
invention may be administered to a human or other animal in accordance with the 
25 aforementioned methods of treatment in an amount sufficient to produce such effect to a 
therapeutic or prophylactic degree. The antibodies of the invention can be administered to such 
human or other animal in a conventional dosage fonn prepared by combining the antibody of the 
invention with a conventional pharniacculically acceptable carrier or diluent according to known 
techniques. It will be recognized by one of skill in the art that the fonn and character of the 
30 pharmaccutically acceptable carrier or diluent is dictated by the amount of active ingredient with 
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which it is to be combined, the route of administration and other well-known variables. Those 
skilled in the art will further appreciate that a cocktail comprising one or more species of dimeric 
antibodies according to the present invention may prove to be p^icularly effective. 

Methods of preparing and administering conjugates of the antibody, immunoreactive 

fragments or recombioaiils thereof, and a iherapeuiic agent are well known to or readily 
determined by those skilled in the art. l^he route of administration of the dimeric antibody (or 
fragment thereof) of the invention may be oral, parenteral, by inhalation or topical. The term 
parenteral as used herein includes intravenous, intraarterial, intraperitoneal, intramuscular, 
subcutaneous, rectal or vaginal administration. The intravenous, intraarterial subcutaneous and 
intramuscular forms of parenteral administration are generally preferred. While al l these foms of 
administration are clearly contemplated as being within the scope of the invention, a preferred 
administration fonrx would be a solution for injection, in particular for intravenous or intraarterial 
injection or drip. Usually, a suitable pharmaceutical composition for injection may comprise a 
buffer (e.g. acetate, phosphate or citrate buffer), a surfactant (e.g. polysorbatc), optionally a 
stabilizer agent (e.g. human albumine), etc. However, in other methods compatible with the 
teachings herein, the dimeric antibodies can be delivered directly to the site of 'the adverse 
celluiai* population thereby increasing the exposure of the diseased tissue to the therapeutic agent. 

Prcparadons for parenteral administration includes sterile aqueous or non-aqueous 
solutions, suspensions, and emulsions. L-xampIes of non-aqueous solvents are propylene glycol, 
polyethylene glycol, vegetable oils such as olive oil and injectable organic esters such as ethyl 
oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions, 
including saline and buffered media. In the subject invention, pharmaceutically acceptable 
carriers include, but are not limited to. 0.01 4). IM and preferabiy 0.05M phosphate buffer or 
0.8% saline. Other common parenteral vehicles include sodium phosphate solutions. Ringer's 
dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous vehicles 
include fluid and nutrient rcplenishcrs, electrolyte replenishcrs, such as those based on Ringer's 
dextrose, and the like. Preservatives and other additives may also be present such as for example, 
antimicrobials, antioxidants, chelating agents, and inert gases and the like. 

More particuiarly. pharmaceutical compositions suitable for injectable use include sterile 
aqueous solutions (where water soluble) or dispersions and sterile powders for the 
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extemporaneous prepai'aiion of sterile injectable solutions or dispersions. In such cases, the 
composition must be sterile and should be fluid to the extent that easy syringability exists. It 
should be stable under the conditions of manufacture and storage and wall preferably be 
preserved against the contaminating action of microorganisms, such as bacteria and fungi. The 
5 carrier cm be a solvent or dispersion medium containing, for example, water, ethanol, polyol 
{e.g., glycerol, propylene glycol and liquid polyethylene glycol, and the like), and suitable 
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating 
such as lecithin, by the maintenance of the required particle size in the case of dispersion and by 
the use of surfactants. 

10 Prevention of the action of microorganisms am be achieved by various antibacterial and 

antifungal agents, for example, parabcns, chlorobutanol phenol, ascorbic acid, thimerosal and 
U the like. In many cases, it will be preferable to include isotonic agents, for example, sugars, 
\r\ polyalcohols. such as mannitol, sorbitol, or sodium chloride in the composition. Prolonged 

in 

p absorption of the injectable compositions can be brought about by including in the composition 

^'15 an agent which delays absorption, for example, aluminum monostearatc and gelatin. 

O 

s In any case, sterile injectable solutions can be prepared by incorporating an active 

r"'. compound (e,g., a dimeric antibody by itself or in combination with other active agents) in the 

^ Si! 

5 required amount in an appropriate solvent with one or a combination of ingredients enumerated 
Q herein, as required, followed by filtered sterilization. Generally, dispersions arc prepared by 
'^0 incorporating the active compound into a sterile vehicle, which contains a basic dispersion 
medium and the required other ingredients from those enumerated above. In the case of sterile 

powders for the preparation of sterile injectable solutions, the preferred methods of preparation 
are vacuum drying and freeze-drying, wWch yields a powder of an active ingredient plus any 
additional desired ingredient from a previously sterile-filtered solution thereof. The preparations 
25 for injections are processed, filled into containers such as ampoules, bags, bottles, syringes or 
vials, and sealed under aseptic conditions according to methods known in the art. Further, the 
preparations tnay be packaged and sold in the fonn of a kit such as those described in co-pending 
U.S. S.N. 09/259337 and U. S.S.N. 09/259.338 each of which is incorporated herein by reference. 
Such mticles of manufacture will preferably have labels or package inserts indicating that the 
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associated compositions are useful for treating a subject suffering from, or predisposed to 
autoimmune or neoplastic disorders. 

As discussed in detail above, preferred embodiments of the present invention provide 
compounds, compositions, kits and methods for the treatment of neoplastic disorders in a 
5 miffiimalian subject in need of ireatmeiii thereof Preferably, the subject is a human. The 
neoplastic disorder (e.g.* cancers and malignancies) may comprise solid tumors such as 
melanomas, gliomas, sarcomas, and carcinomas as well as myeloid or hematologic malignancies 
such as lymphomas and leukemias. In general, the disclosed invention may be used to 
prophylactically or therapeutically treat any neoplasm comprising an antigenic marker that allows 
10 for the targeting of the cancerous cells by the modified antibody. Exemplary cancers that may be 
treated include, but are not limited to, prostate, gastric carcinomas such as colon, skin, breast, 
It ovarian, lung and pancreatic. More particularly, the antibodies of the instant invention may be 
used to treat Kaposi's sarcoma. CNS neoplasms (capillary hemangioblastomas. meningiomas and 

IsU 

Q cerebral metastases), melanoma, gastrointestinal and renal sarcomas, rhabdomyosarcoma, 
lis glioblastoma (preferably glioblastoma muhiformc), leiomyosarcoma, retinoblastoma, papillary 

cystadenocarcinoma of the ovary, Wilm's tumor or small cell lung carcinoma. It will be 
appreciated ihat appropriate dimeric antibodies may be derived for tumor associated antigens 

l^i related to each of the forgoing neoplasms without undue experimentation in view of the instant 

r! disclosure. 

ru 

20 Exemplary hematologic malignancies that are amenable to treatment with the disclosed 

invention include Hodgkins and non-I lodgkins lymphoma as well as leukemias, including ALL-L3 

(Biridtt's type leukemia)., chronic Imrphocyiic leukemia (CLL) and monocytic cell leukemias. It 
will be appreciated that the compounds and methods of the present invention are particularly 
effective in treating a variety of B-cell lymphomas, including low grade/ follicular non-Hodgkin's 

25 lymphoma (NHL), cell lymphoma (FCC), mantle cell lymphoma (MCL), diffuse large cell 
lymphoma (DLCL), small lymphocytic (SL) MIL, intermediate grade/ follicular NHL, intennediate 
grade diffuse NllL, high grade immunoblastic NHL. high grade lymphoblastic NHL, high grade 
small non-cleaved cell NHL. bulky disease KHL and Waldenstrom's Macroglobiilinemia. It should 
be clear to those of skill in the m that these hiiiphomas will often have different nmnes due to 

30 changing systems of classification, and that patients having lymphomas classified under different 
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names may also benefit from tlie combined tlierapeuiic regimens of the present invention. In 
addition to the atbrementioncd neoplastic disorders, it will be appreciated that the disclosed 
invention may advantageously be used to treat additional malignancies bearing compatible tumor 
associated antigens. 

5 Besides neoplastic disorders, the dinieric antibodies of the instant invention are pajticuiarly 

efiJectivc in the treatment of autoimmune disorders or abnoanal immune responses. In this regard, 
it will be appreciated that botli homodimcrs and heterodimers may be used to control, suppress, 
modulate or eliminate unwanted immune responses to both external and autoantigens. For 
example, in one embodiment, die andgen is an autoantigen. In another embodiment, the antigen is 
10 an allergan. In yet other embodiments, the antigen is an alloantigcn or xenoantigen. Use of the 
disclosed tctravalent antibodies to reduce an immune response to alloantigcns and xcnoantigens is 
fj of particular use in transplantation, for example to iiiliibit rejection by a transplant recipient of a 
J^j donor graft, e.g. a tissue or organ graft or bone marrow tainsplant. Additionally, suppression or 
10 elimination of donor "f cells within a bone maixow graft is useful for inhibiting graft versus host 
05 disease. 

, 35. 

l^' In yet other embodiments the dimeric antibodies of the present invention may be used to 

treat immune disorders thai include, but are not limited to. allergic bronchopulmonan' aspergillosis; 

f y Allergic rhinitis Autoimmune hemolytic anemia; Acanthosis nigricans; Allergic contact dermatitis; 
Addison^s disease: Atopic dcmnatiiis; Alopecia areata; Alopecia universalis; Amyloidosis; 

sSO Anaphylactoid purpura; Anaphylactoid reaction; Aplastic anemia: Angioedema, hereditary; 
Angioedema. idiopathic: Ankylosing spondylitis: Arteritis, cranial; Arteritis, giant cell; Arteritis. 
Takayasu's; Arteri ds, temporal; Asthma; Ataxia-telangiectasia: Autoimmmie oophoritis: 
Autoimmune orchitis; Autoimmune polycndocrinc failure; Behcet's disease: Berger's disease; 
Buerger's disease: bronchitis: Bullous pemphigus; Candidiasis, ciironic mucocutaneous; Caplan's 
25 syndrome; Post-myocardial infarction syndrome: Posi-pericardiotomy syndrome; Carditis; Celiac 
sprue; Chagas*s disease: Chcdiak-1 ligashi syndrome: Churg-Strauss disease; Cogaifs syndrome; 
Cold agglutinin disease; ('RI:ST sxiidromc; Crohn's disease; C'ryoglobulinemia: Crj^ptogcnk 
fibrosing alveolitis; Dermatitis lierpetifomis: Demiatomyositis; Diabetes mellitus; Diamond- 
Blackfan syndrome: DiGeorge syndrome; Discoid lupus erythematosus; Eosinophilic fasciitis: 
30 Episcleritis: Drythema clcvatiim diutinum; Er>l[hcma marginatum; Erj-thema multitbrmc; Er>1:hema 
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nodosum; Faniilid Mediterranean fever; Felly*s syndrome; Fibrosis pulmonaiy; 
Glomerulonephritis, anaphylactoid; (ilomcmlonephritis, autoimmune; Glomerulonephritis, post- 
streptococcal; Glomcruloncpiiritis, post-transplantation; Glomerulopathy, mcmbraBOUs; 
Goodpasture's syndrome; Granulocytopenia, immune-mediated; Granuloma annulare: 
5 GniouJomalosis. allergic: Granulomatous myositis; Grave's disease; Hashimoto's ihyToidilis 
Hemolytic disease of the aewborn; 1 Icmochromatosis, idiopathic; } lenoch-Schoenlcin purpura; 
Hepatitis, chronic active and chronic progressive; 1 listiocytosis X; Hypcreosinophilic syndrome 
Idiopatliic tlirombocytopenic purpura: Job's syndrome; Juvenile dermatomyositis; Juvenile 
rheumatoid arthritis (Juvenile chronic anJiriiis); Kawasaki's disease; Keratitis; Keratoconjunctivitis 
10 sicca; Landiy-Guillain-Barre-Strohl syndrome; Leprosy, lepromatous; Loeffler^s syndrome; lupus; 
Lyeirs s>mdromc; Lyme disease; Lymphomatoid granulomatosis; Mastocytosis, systemic; Mixed 
connective tissue disease; Mononeuritis multiplex: Muckie-Weils s>aidrome; Mucocutaneous 
l>iiiph node syndrome; Mucocutaneous lymph node syndrome; Multicentric reticulohistiocytosis; 

fi»Li 

Multiple sclerosis; Myasthenia gra\is; Mycosis fiingoidcs; Necrotizmg vasculitis, systemic; 
^1.15 Nephrotic syndrome; Overlap syndrome: Panniculitis: Paroxysmal cold hemoglobinuria; 

s Paroxysmal nocturnal hemoglobinuria; Pemphigoid: PcmpMgus: Pemphigus erythematosus; 

Pemphigus foliaceus; Pemphigus vulgiiris: Pigeon breeder's disease; Pneumonitis, hypersensitivity; 
iw Polyarteritis nodosa; Polymyalgia rheumatic; l^olymyositis; Polyneuritis, idiopatliic; Portuguese 
Q familial pol>iicuropathics; Prc-cclampsia/eclampsia: Primary^ biliary' cirrhosis: Progressive systemic 

sclerosis (Scleroderma): Psoriasis; Psoriatic arthritis; Pulmonary alveolar proteinosis; Pulmonary 

fibrosis. Raymaud's phenomenon/s}nidromc; ReideFs thyroiditis; Reiter's svudrome, Relapsing poly- 

chrondritis; Rheumatic fever; Rheumatoid arthritis: Sarcoidosis; Sclcritis; Sclerosing cholangitis; 

Serum, sickness: Sezary syndi"omc; Sjogren's syndrome; Stevens Johnson syndrome; StilTs disease; 

Subacute sclerosing panencephalitis; Sympathetic ophthabnia; Systemic lupus erythematosus; 
25 Transplant rejection; Ulcerative colitis; Undifferentiated connective tissue disease: Urticaria, 

chronic; UrticariaL cold; Uveitis; Vitiligo; Weber-Christian disease; Wegener's granulomatosis and 

Wiskott-Aldrich syndrome. 

The foregoing description will be more fully lUKlerstood with reference to the following 

examples. Such examples, are, however, demonstrative of preferred methods of practicing the 
30 present invention and arc not limiting of the scope of the invention or the claims appended hereto. 
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Example 1 

Construction and Expression of a C2B8*ACh2 Immunoglobulin 

The chimeric antibody C2B8 (IDI^C Pharmaceuticals) was modified to create a domain 
deleted version lacking the Ci2 domain within the human gamma 1 constant region, C2B8 and 
the plasmid N5K01, which is an "empty"' vector encodes a human kappa light chain constant 
region as well as a human gamma 1 constant region, are described in U.S. Pat. Nos. 5,648,267 
and 5,736 J 37 each of which is incorporated herein by reference. Creation of a C})2 domain 
deleted version was accomplished by way of overlapping PCR mutagenesis. 

llie gamma 1 constant domain begins wiili a plasmid encoded Nhe I site with is in 
translationai reading frame with the immunoglobulin sequence. A 5' PCR primer was 
constnictcd encoding tiic Nhe I site as well as sequence immediately downstream. A 3' l*CR 
primer mate was constmctcd such that it anneals with the 3' end to Uie immunoglobulin hinge 
region and encodes in frame the first several amino acid of the gamma 1 CH3 domain. A second 
PCR primer pair consisted of the reverse complement of the 3' PCR primer from the first pair 
(above) as the 5' primer and a 3' primer that anneals at a loci sp^mning the BsrG 1 restriction site 
W'ithin the Qi3 domain, ln>llowing each I-^CR amph'fication, the resultant products W'Cre utilized 
as template with the Nhe J and BsrG I 5' and 3\ respectively primers. The amplified product 
was then cloned back into N5KG1 to create the plasmid N5KG]ACh2. This constiiiction places 
the intact CI !3 domain immediately downstream and in frame with the intact hinge region. As 
this is an '"empty" vector, the C2B8 immunoglobulin light and heavy chain variable domains 
were then inserted in the appropriate cloning sites. 

Following sequence conliimation of the immunoglobtilin coding regions, this expression 
construct was transfected into CHO DG44 cells and selected for G418 resistance (conferred by a 
vector encoded neomycin phosphotransferase gene). Resistant cell isolates were then assayed for 
HuCC49 immunoglobulin expression. The sequence oi'the resulting construct is shown in Figs, 
1^3. 
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Example 2 

CoBStraction and Expression of a huCC49,ACH2 Immunoglobulin 
A humanized version of the CC49 antibody (ATCC No. HB 9459) was obtained from the 

National Cancer Institute, The light chain was encoded in a plasmid referred to as pLNCX II 

5 HaCC49 lluK. The Heavy (^hain was encoded in a plasmid referred to as pLgpC'X 11 
HuCC49()l,ACn2. 

The light and heavy chain variable domains only were isolated from tliese plasmids by 
PCR amplification. PGR primers were constructed such that restriction cndonuclcase sites wore 
included allowing subsequent subcloning into IDF.C's proprietary expression vector 

10 N5KGLACh2. 

5, The light chain restriction enzymes were Bgl II at the 5' end (immediately upsteam of the 

translation initiation codon for tlie natrual leader peptide encoded by the NCI plasmid) and BsiW 
in I at the 3* end (in translational reading frame with IDKC's vector encoded human kappa light 
chain constant domain. No amino acids within the light chain variable domain were changed 

5 from the NCI sequence. 

The heavy chain restriction enzymes were Mlu I ai the 5' end (encoding in frame amino 
acid residues -5 and -4 of the "synthetic" immunoglobulin heavy chain signal peptide encode by 
IDEC's expression vector). The PCR primer also encoded residues -3,-2 and -1 with respect to 
Ifi the beginning of the heavy variable domain. The 3' heavy chain PCR primer encoded the 
20 restriction enzyme Nhe I which codes in frame with IDHC*s gamma 1 domain deleted heavy 
chain constant region. The final result is an expression construct encoding the I hi('C49 domain 
deleted antibody with the following components. No amino acids within the heavy chain 
variable domain were changed from the NCI sequence. 

Light chain: Natural light chain leader-NCI variable domain-I DEC 's human kappa 
25 constant domain. 

Heavy chain: IDI^C's synthetic heavy leader-KCT variable domain-IDEC"s CH2 domain 
deleted gamma 1 heavy chain constant domain. 

Following sequence confirmation of the immunoglobulin coding regions, this expression 
construct was transfected into CI 10 I)G44 cells and selected for 041 8 resistance (conferred by a 
30 vector encoded neomycin phosphotransferase gene). Resistant cell isolates were then assayed for 
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HiiCC49 immunoglobulin expression, Hic sequence for haCX49.AC4f2 heavy and light chains is 
shown in Figs, 4 and 5. 



Example 3 

5 ('oiistriictioR and Eipression of a C5E10.ACh2 imniiieoglobiiliii 

Murine C5E10 expressing hybridoma cells were received from the University of Iowa. 
RNA from the cells and then made cDXA using oiigo dT from the RNA. The cDNA was PGR 
amplified using a scries of mouse kappa and heavy chain variable region primers. The PGR 
products were run on agarose gels. Using known techniques, primers were used to isolate and 
10 identify the light and heavy chains as bands in the agarose. The bands were isolated, cut with 
restiiction enz>iiie$ and the light chain v^iiiable region was cloned into Neospla N5KG1 vector 
pi substandally as described in Examples 1 and 2, The heavy chain variable regions were then 
fj^ cloned into a Neospla ACh2 vector (also substantially as described in Examples 1 and 2) in order 
1 3 to generate an antibody missing the Ch2 domain. The DNA and amino acid sequences of the 
145 heavy and light chain variable regions of the parent antibody and the domain deleted construct 
were sequenced as shown in Figs 6 to 8. llie vectors were clcctroporated into CI 10 cells using 
an known techniques to provide for stable cell line development. Following growth of the CHO 

»: : 
3 • I 

■ J cells and expression of the product, the modified antibodies were purified using affinity 
chromatography. 

20 

Example 4 

Purification of Tetravaleiit CC49.AC'h2 Coiistriiets 
A composition comprising a mixture of monomeric (H2L2) and dimeric (H4L4) CC49,ACh2 
antibodies produced as set forth in Example 2 was purilled over a 2.4 niL Protein G coluniB (Poros 
25 20G, PerSeptive Biosystems). One liter of cell culture expression supernatant. pH adjusted to 7.5. 
was loaded onto the column at 0.5 mL per minute, 4''C^ After washing the column \mth 50 mM 
Tris, pi"! 7.5, the domain deleted material was clulcd with 0J\1 Glycine, pi ! 3. One mL fractions 
containing 25 mM Tris. pH 9 for neutralization, were collected at a tlow rate of 2 mL per minute. 
Fractions were monitored by A280 for protein content, pooled, dialyzed against PBS and analyzed 
30 by SDS-PAGE for purit}^ and migration characteristics. 
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The Protein G-purified dom^iin deleted constructs were analyzed for the presence of 
monomeric and dimcric forms of the antibody by si/c exclusion using an HP!X gel filtration 
column fnPi/>-SF,(?). 50 to 100 ul. of tlic collected fractions containing 100 ug of protein were 
injected into a Bio-Sil SEC 250 column (Bio-Rad. 7.8 mm x 30 cm). Runs were 1 5 minutes, at a 
5 flow rate of 1 ml. per minute in the following buffer: 50mM NaH2P04, 50 mM Na2HP04, 150 mM 
NaCl, iOmM NaN^.pIieJ. 

Figure 9 is an HPLC-SEC chromatograph showing the separate elution of the monomeric 
and dimeric fonns of the antibody. As a control, a domain deleted CC49 construct that comprises 
an amino acid spacer (gly/ser spacer) and does not form a dimer was run under the same conditions. 
10 With the antibody mixture two distinct peaks were found representing molecular weights equivalent 
to 120 and 240 kDa. This chromatograph is representative of the migration profiles for domain 
deleted constructs that do not have a spacer molecule between the hinge and the Ch3 domain. In 
Irl contrast, the antibody construct comprising a spacer CC49(gly/ser) that retards dimerization 
f 5 migrates as a single peak of 120 kDa that is similar to the migration profile of purified IgG. 

s Example 5 

I,?: PAGE Analysis of ACyl Constreets 

hi 

I Z Purified domain deleted constructs were further analyzed by SDS gel electrophoresis alter 5 

min incubation at lOO^'C without a reducing agent. Such conditions will disrupt non-covalent 
20 associations between the antibody chains but leaves intact chains that are covalently linked. More 
specifically, test samples comprising 1-10 ug of protein are incubated vAth a Tris-Glycine buffer 

containing SDS. 

Samples ciie added to wells of a commercially prepared polyacrylaniide slab gel to which 
an electric field is applied. Typically, a constant voltage of 125 V for 90 minutes is sufficient to 
25 complete migration of the denatured species resulting from this procedure. Analysis follows with 
compeirison to molecular weight standards run under the same denaturing condhions. 

Under denaturing non-reducing conditions, gels comprising purified fractions of 
CC49AC:{2 derived substantially as set forth in Example 4 show two molecular forms of the 
antibody are present. More particularly, by displaying bands at 120 kDa and 60kDa the gels clearly 
30 show that the products purified firom cell culture supernatant using Protein G contain a mixture of 
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covalently and non-covalently linked heavy and light chains (lanes A-C). As discussed above these 
Protein G purified domain deleted MAb shown in Fig. 3, could be further purified using HPLC- 
SEC into homogenous (>98%) of 120 kDa or 240 kDa MAb fractions. The HPLC-SEC purified 
240 kDa MAb fraction is shown in lane D while the 120 kDa MAb fraction is shown in lane E. 

5 In this regard, Lane D shows a single band at 120 kOa that represents a domain deleted 

construct. The non-covalcnt attachments between the (>.:3 domains of the two monomers that used 
to provide the 1141.4 construct have been disrupted by the heating and detergent to release the 
antibodies which run concurrently in the gel Conversely, lane E shows a single band at 60 kDa 
that represents a single hea^'y md light chain joined by a disulfide bond. Here, the non-covaienl 
10 bond between the two Cf|3 domains of the purified monomer has been disrupted to free the 
individual heavy and light chain coinbinations. As was discussed above, it is likely that the non- 

iP*" 

S5 covalent interactions between the Ch3 domains in the monomer prevented the fotmation of 

|rl disulfide bonds in die Mnge region. Thus, when disrupted the construct released the single heavy 

r -fit 

and light chain still connected by a disulfide bond. Lane F demonstrates that the CC49 domain 
5 deleted construct having a (ily/Ser spacer comprises a mixture of the antibody variants. 

ii Example 6 

' % Preparation of ^ *^In and Eu Radiolabeled Constructs 

w Modified antibody constructs including dimcrs and appropriate controls were labeled with 

fii 

Europium and indium for in vitro binding determination and in vivo biodistribution and 
bioavailability studies as described below. As discussed above, direct incorporation of metals such 

as Eu or ^*^In to proteins is not generally effective. As such, chelators (e.g. biflinctional chelators) 
ate tjq^ically used to link these isotopes to the antibody to provide the desired radioactive 
imunoconjugate. For the studies described herein a cyciohcxai-DTPA (CHx-DTPA) chelator was 

25 used to associate the Eu or ^ ^ 'In wdth the dimeric antibodies. 

MAb's CC49 fOly/Ser spacer) and CC49.ACit2 monomer and dimer were diafiltered into 
low metal containing saline (LM(\Saline, pH adjusted io 8.6 using O.SM Boric acid) before 
conjugation. The VIAb constructs were diaiiltered using pre-waslied Centricon 30 filters (two 
times, according to manufactures instruction), MAb concentration measured by A280 (1 nig/ml^l .0 

30 AU) and diluted using LMC-Saline (pi I 8.6) to approximately 10.0 mg/ml. The selected MAb was 
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reacted with MX~DTPA at a 2:1 molar ratio (chelate to MAb) ibr 14-16 hours at room temperature* 
After incubation, the conjugate was clarified from unreacted chelate using Centiicon 30 filters (3 
times), protein concentration delcrmined by A280 and adjusted to a final concentration of 2,0 
mg/ml using LMC-Saline. 
5 Following conjugation, the domain deleted consiructs md control antibodies were 

radiolabeled with ^^Hn, The ^'^In was labeled at specific activities ranging from 1 to 3 mCi/mg 
protein, hidiimi-( 1 1 1 J chloride in dilute I IC\ (Kyconied Amersham or (Cyclotron Products Inc.) was 
adjusted to pH 4 using 50 mM sodium acetate. Immunoglobulin conjugate was added and the 
mixture incubated at ambient temperature. Alter 30 minutes, the mixture was diluted to a final 
10 antibody concentration of 0.2 mg/^mL- using IXPBS, pi 1 7.2 containing 7.5% human serum albumin 
(HAS) and ImM dicthylcnetriamincpcntaacetic acid (D1PA) (formulation buffer). 
Q A commercially available kit (Delfia^' Eu-Labelling Kit, Wallac Instruments, Gailhersburg. 

Ifi MD ) was used to label the C('49,AC>:2 constructs with liwopium. In this regard the samples were 
J'^: labeled with Eu according to package instructions that came with the Hu labeling kit (Part # 1244- 
5 302, lot #: 71 071 5) to provide the desired specific activities. 



f Example 7 

^ Antigen Binding Activities of Monomeric and Dimeric CC49,ACfi2 Constructs 

5 Antigen binding activit>' of the purified (X'49.ACh2 variants both before and after 

'20 conjugation to D'l PA was determined by KLISA assay on 1 AG-72 coated plates (Fig, 1 lA), The 

ELISAs were run as follows: 

L Prepare ELISA plate wth BSM 

1 , Prepare a 20 fig/mL solution of BSM in normal saline, 

2. Add 100 fiL per well of Uie BSM at 20 |,ig/mL (Note: Total of 2 pg/well) 
25 3. Place plate or plates at 37^ C and allow to dry overnight. 

n. Blocking of Plate 

1 , Washed plate 3X with 0.025 % Tween 20 in PBS 

2, Added 200 pL of Dilution Buffer ( 1 % BSA in PBS, pH--7.4) 

3, Incubated the plate or plates at 37°C for 60 minutes, or overnight at 2~8°C, 
30 IIL Binding Assay: Each Test Sample Was Performed in Triplicate 
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1. 


Following incubation washed plate 3X with 0.025 % Tw-een 20 in PBS 




2. 
3. 


Diliiled the test anlibodics to 0.025 mg/mL in Dilution Buffer 
Performed the serial dilutions on a separate plate 




4. 


From 0.025 mg/mL serially diluted the antibody lOX. 


5 


5. 


Added 1 00 \.iL of the diluted antibody to the blocked plate in triplicate. 




6. 


Allowed the antibody to incubate for 3 hours at 37° C. 




7. 


Washed the plate 3X with 0.025 % Twccn 20 in PBS 




8. 


Diluted the Eu-F(ab>. Ms Anti i lu IgO to 0.1 ^g/mL 




9. 


Added 100 uL of i:u-r(ab'>>. Mu-anti IIu IgG at 0.1 ng/mL, to each well 


10 


10. 


Incubated tlie plate for 60 minutes at 37"C 




11. 


Washed the plate 3X with 0.025 % Twccn 20 in PBS 


X is:. 


12. 


Added 200 uL of Perkin lUraer/Wallach's bnhancement Solution 


5 r; 
1:= i 


13. 


Allowed plate to shake for 30 minutes at room temperature 




14. 


Read plate in the Perkin Elmer/Wallach ELISA reader on the Hu setting 




15. 


Detennined the m3 value from a 4~parameter plot 



5 

r5 



As shown in Fig. IIA antigen binding of purified monomeric (H2L2) or dimeric (H4L4) 

ru 

O CC49.ACii2 variants was unaffected bv conjugation to CHx-DTPA, showing similar binding curves 
fU compared to llie non-conjugated variant. However dimeric ddCC49 (H4L4) demonstrated much 

20 higher binding activity than its nionooieric variant F'.stiniated kD was 2,3 nM lor monomeric 
ddCC49, which is consistent with previous estiouiies of affmity using ddCC49(Gly/Ser) or 
huCC49JgG. The dimeric ddCC49 vaiiant (ILil.i) had a estimated kD on die order of 0. 1 5 n.Vl 

To insure that the increased binding activity associated with the dimerized variant of 
ddCC49 fonn was not due to differences in non-specilic binding of a larger molecuJe, a competition 

25 binding assay using liuropium labeled ddCC49(Gly/Ser) binding to TAG-72 plates was done 
subst^intially as set foith above. Ihe resuhs arc shown in Fig. 11 B which cleaily iihistrates that the 
dimeric form of CC49.ACh2 compeies more elTcctiveiy against Europium labeled 
ddCC49(Gly/Ser) than did unconjugated ddCC49(Gly/Scr). 
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Example 8 

Biodistribution of Radiolabeled huCC49,AC}i2 in Tumor Bearing Mice 

In vivo assays were run to dclemiine the biodistribution of the constructs of Ihe present 
invention. More specifically, assays were run to determine the biodistribution of ^^Hn labeled 

CC49,ACh2-CHx"'DTPA monomeric md dimeric constructs in nude mice exhibiting LS174T 
timiors. The purified radiolabeled monomers and dimers, obtained as set forth in the pm\ious 
examples, were radiolabeled substantially as set forth in Lxample compared against radiolabeled 
CC49.ACi:2 (Gly/Ser) spacer. 

Nude mice were injected subcutancoiisly with approximately 2X10^ LS174'r tumor cells 
(TAG 72 positive) to provide human tuinor xeiiogralts. One week after injection the mice were 
examined and sorted into groups of mice having palpable tumors of 100 250 mm^. Each group 
consisted of 4 mice that were ear-marked for identification purposes. 

One day after marking ajid sorting the mice were given one injection (i.v.) of in the tail vein 
with 10 liCi/OT mL of '^Hn labeled constructs (200 f.ig antibody/mouse in 200 jil) in PBS, and 
sacrificed at 5. 24 and 48 hours post injection, liach mouse was dissected to provide tissue samples 
for blood, spleen, liver, kidneys, heait, lungs, GJ, tract, muscle, femur and tumor. The organs were 
weighed and then counted on a gamma counter. Vrom these measurements the %lD/gm tissue of 
the injected radiolabeled antibodies in tumors and normal tissue \was determined. Additionally. 200 
ul of blood was collected from each animal md counted directly before sacrifice to compare plasma 
clearance rates between the various constructs. All of the domain-deleted constructs ij'hl^i. IUI-^a 
and gly/ser spacer) were cleared mpidly from the blood with <2% of the injected dose present in the 
blood at 24 hours post injection. In contrast. 24% of intact ^ ^In labeled CC49 IgG was present in 
the blood 48 hour^ post iriiection (dat^i not shown). 

Tumor localization of ^^Hn«labelcd constructs is also shown in Figs 12A. 12B and 12C. All 
domain deleted variants, showed peak localization between 5-24 hours post injection of 
radiolabeled material Peak localization (%ID/gm tissue) was similar for all the domain-deleted 
constructs at each time point tested. Howeven differences in the normal tissue biodistribution 
profile were obser^'cd between die dimeric (Fig. 12C) and monomeric (Fig, i2B) constructs. Jn 
particular, tlie purified CC49.ACh2 dimer (240 kDa) showed increased accumulation of radioactive 
material in the liver and low^er accumulation in the kidnev than the other two constructs. The 

56 



differences in tJie localization pattern of tlie dinier were obsewed ai all time points tested. Tlie 
purified monomer (1 20 kDa) showed similar accumulation of radioactive material in the liver when 

compared to the CC49.ACh2 (Gly/Ser) (Fig. 12A) construct but a higher tixmor localization at tlie 
last measured time point. The beneficial distribution profile of the dimcr constiiict may be 

5 indicative of lower overall toxicity that could allow more efficacious doses of the radiolabeled 
antibodies to be administered. 



Example 9 

Aati-tiimor Activity of Dimerk C2B8,AC||2 on RamosTtimor Xenografts 

10 In vivo assays were run to detemiine the anti-lumor activities of unlabeled dimeric 

constructs prep^ired according to die methods of the present invention. More specifically, assays 
"tz, were run to determine the anfi-tunior activity o(\h*meric C2B8,ACii2 {II4L4. 240k.Da) constructs in 

in nude mice exhibiting tumor xenografts. The anti-tunior activity of the purified dimeric construct 

CP 

Q obtained and purified substantially as set Jbrth in the previous examples, was compared against the 
^4 5 anti-CD20 anfibody Rituxan^ (IDEC Pharmaceuticals, San Diego. CA). 

Nude mice were injected subcuianeously with approximately 20 X 10^ Ramos tumor cells 

s : 

U (CD20 positive) to provide human tumor xenografts. '1 wo weeks after injection the mice were 
l^. examined and sorted into groups of mice having palpable tumors oJ^ 100-150 mm*\ Each group 
5:; consisted of 6 mice that were eiir-marked for identification purposes. Following marking and 
20 sorting, the mice were given three injections forty eight hours apart (tail vein, i,v.) of Rituxan or the 
dimeric construct (200 ug antibody/mouse in 200 ui PBS). Tumor measm^ements were performed 
three times a week and the weight of the mice was measured twice a week. The results are 
graphically illustrated in Fig. 13. 

Fig. 13 shows that the C2B8 homodimer is extremely active in murine animal models using 
25 a human B-lymphoma rumor xenograft . and demonstrated inhibition of tumor growth compared to 
the parent MAb, C2B8 (Rituxan). This clearly demonstrates that the unlabeled dimers of the 
present invention may be used efficaciously to retard or eliminate neoplastic growths. 

Those skilled in the ait will further appreciate that the present invention may be embodied 
in other specific forms without departing from the spirit or central attributes thereof In that the 
30 foregoing description ol' the present invention discloses only exemplary embodiments thereof, it is 
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to be understood that other variations arc contemplated as being within the scope of the present 
invention. Accordingly, the present invention is not limited to the particulai' embodiments thai have 
been described in detail herein. Rather, reference should be made to the appended claims as 
indicative of the scope and content of the invention. 
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